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FOREWORD 


The  Category  II  Performance  and  Flyinq  Qualities  Tests  of  the 
HH-53C  Helicopter  USAF  S/N  67-14993,  were  conducted  at  Sikorsky  Aircraft 
Division  of  United  Aircraft  Corporation  in  Stratford,  Connecticut,  from 
26  Auqust  1969  to  27  February  1970.  This  substantiating  document  con¬ 
tains  the  quantitative  data  obtained  during  this  evaluation  along  with 
the  test  techniques  and  the  data  analysis  methods.  The  technical  report, 
FTC-TR-70-8,  (reference  1) ,  was  published  in  April  1970  and  contained 
the  results,  conclusions,  and  recommendations.  This  test  program  was 
requested  by  the  Aeronautical  Systems  Division  and  was  conducted  under 
the  authority  of  AFFTC  Project  Directive  69-2  (Proqram  Structure  482A) . 

Engineering  assistance  from  Lieutenant  Rodney  L.  Ritter  is  acknow¬ 
ledged  . 


Foreign  announcement  and  dissemination  by  the  Defense  Documentation 
Center  are  not  authorized  because  of  technology  restrictions  of  the  U.S. 
Export  Control  Acts  as  implemented  by  AFR  400-10. 
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This  substantiating  document  contains  the  test  techniques,  data 
analysis  methods,  and  test  data  for  the  Cateqory  II  Performance  and 
Flying  Qualities  Tests  of  the  HH-53C  Helicopter.  The  results,  conclu¬ 
sions,  and  recommendations  were  presented  in  FTC-TR-70-8,  Category  II 
Performance  and  Flyinq  Qualities  Tests  of  the  HH-53C  Helicopter,  April 
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Definition 
rotor  disc  area 
alternating  current 
power  coefficient 
thrust  coefficient 
engine  air  particle  separators 
in  ground  effect 
knots  calibrated  airspeed 
knots  true  airspeed 
advancing  blade  tip  Mach  number 
gas  producer  speed 
rotor  speed 
ambient  pressure 
compressor  inlet  total  pressure 
torque 

rotor  radius 

shaft  horsepower 

temperature 
true  airspeed 
fuel  flow 

temperature  ratio  (Tt2/Ta) 
rotor  advance  ratio 
air  density 

rotor  angular  velocity 
rotoi  solidity  ratio 
pressure  ratio  (P^/Pa^ 
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dimensionless 
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ft 
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INTRODUCTION 


The  test  helicopter  was  a  production  HH-53C  which  was  instrumented 
by  the  contractor  for  performance  and  flyinq  qualities.  A  test  pitot- 
static  head  for  measurement  of  airspeed  and  altitude  was  mounted  on  the 
refueling  probe  for  the  test  proqram. 

The  objective  of  the  Cateqory  II  Performance  and  Flying  Qualities 
Tests  was  to  obtain  data  for  inclusion  in  the  Fliqht  Manual  (reference  2) 
and  determine  if  selected  requirements  of  MIL-H-8501A  (reference  3)  were 
met . 


Tests  not  conducted  during  this  test  proqram  which  are  normally 
completed  during  Category  II  were  hover,  takeoff,  and  height-velocity 
tests  at  a  hiqh  altitude  test  site  and  level  fliqht  performance  in  ex¬ 
treme  temperature  conditions  necessary  to  completely  define  the  effects 
of  compressibility. 

A  fliqht  log  of  the  tests  flown  durinq  this  prooram  is  presented 
in  appendix  I . 
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GENERAL 

Dimensional  analysis  of  the  major  items  affectino  helicopter  per¬ 
formance  yields  several  sets  of  dimensionless  variables  which  may  be 
used  to  present  performance  data  in  nondimensional  form.  The  Cp,  Ct,  u 
method  is  useful  only  when  compressibility  effects  are  not  siqnificant. 
These  variables  are  defined  as  follows: 


SHP  x  550 
pA(flR)  3 


Ct  = 


W 


pA(fiR) 


Since  compressibility  was  a  major  item  affecting  the  performance  of  the 
HH-53C,  an  additional  dimensionless  variable  was  required  to  make  the 
Cp,  Ct#  u  method  valid.  The  additional  variable,  the  advancing  blade 
tip  Mach  number  was  defined  as: 


Vt  +  HR 
38.967/T“ 

a 


HOVERING  PERFORMANCE 

In-ground-effect  (IGE)  and  out-of-ground-effect  (OGE)  hovering  per¬ 
formance  data  were  obtained  by  tethered  and  free  flight  techniques  to 
update  the  Flight  Manual's  estimated  data.  All  hovering  was  done  with 
the  450-gallon  external  fuel  tanks  installed  and  the  landing  gear  down. 
Hovering  performance  data  were  obtained  at  wheel  heights  of  5,  10,  22, 

47,  80  and  100  feet  at  a  pressure  altitude  of  sea  level  and  referred 
rotor  speed  {Ur/fe)  of  175  to  195  rpm.  All  hover  tests  were  conducted 
in  le  ss  than  3  knots  of  wind.  During  the  tests  a  constant  rotor  tip  Mach 
number  was  maintained  by  changing  the  rpm  as  ambient  temperature  changed 
to  maintain  a  constant  Nr//e\ 

During  the  tethered  hovering  tests  the  helicopter  was  tethered  to 
the  ground  by  a  cable  and  load  cell.  The  load  cell  measured  cable  ten¬ 
sion.  Thrust  produced  by  the  helicopter  was  assumed  equal  to  the  gross 
weight  of  the  helicopter,  cable,  load  cell  and  cable  tension.  Power  was 
determined  by  using  the  engine  torquemeters  and  rotor  speed. 
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Significant  rotor  blade  compressibility  was  encountered  during  the 
hover  tests  as  evidenced  by  an  increase  in  power  required  at  e  constant 
thrust  coefficient  Ct  as  M<rip  was  varied  from  minimum  to  the  maximum 
obtainable.  This  effect  became  more  evident  as  ;1tip  and  C<r  were  increased. 
Since  tethered  hovering  was  conducted  at  only  ore  pressure  altitude  and 
a  limited  temperature  range,  this  effect  could  not  be  completely  deter¬ 
mined  for  the  entire  range  of  operational  conditions  the  HH-53C  can  en¬ 
counter. 

Figures  1  through  6,  appendix  I,  show  the  power  coefficient  Cp 
plotted  versus  the  thrust  coefficients  for  each  wheel  heiqht  and  at 
constant  tip  Mach  numbers.  These  fairings  were  used  to  construct  the 
nondimens ional  cross  plots  which  define  the  power  coefficient  at  a  con¬ 
stant  wheel  height  for  various  thrust  coefficients  and  tip  Mach  numbers. 

SAWTOOTH  CLIMBS 

Two-engine  sawtooth  climbs  were  flown  during  the  test  program  to 
determine  the  climb  performance  and  to  make  a  comparison  with  the  climb 
performance  presented  in  the  Flight  Manual. 

The  tests  were  flown  at  military  power  when  not  limited  by  up  col¬ 
lective  at  pressure  altitudes  of  4,500,  7,000,  and  14,000  feet  with  the 
landing  gear  up  and  at  a  mid  cq  (340)  .  Each  climb  was  repeated  on  a 
reciprocal  heading  to  average  out  the  effects  of  wind.  The  observed 
rate  of  climb  was  corrected  to  test  day  tapeline  rate  of  climb  using  the 
following  equation: 


R/Ct 


when  R/Ct  was  the  tapeline  rate  of  climb  in  feet  per  minute,  dh/dt  being 
the  slope  of  the  pressure  altitude  versus  time  curve  in  feet  per  minute. 
Tat/Tas  was  the  ratio  of  test  day  ambient  temperature  to  the  standard  day 
temperature  for  the  test  altitude. 

The  results  in  table  I  indicate  a  considerable  discrepancy  between 
the  Flight  Manual  and  test  results  in  both  the  test  climb  airspeed  and 
the  rate  of  climb.  Test  results  are  shown  in  figure  7,  appendix  I. 


Table  I 


SAWTOOTH  CLIMB  PERFORMANCE 

i 

Gross 

Weight 

(lb) 

Test  Results 

Flight  Manual 

Altitude 

(ft) 

Best  Climb  Speed 
(KCAS) 

Rate  of  Climb 
(fpm) 

4,500 

88 

2,700 

75 

35,000 

7,000 

79 

2,300 

73 

1,950 

35,000 

14,000 

61 

1,960 

66 

950 

S 


LEVEL  FLIGHT  PERFORMANCE 


Th  level  fliqht  tests  were  conducted  to  determine  the  power  re¬ 
quired  as  a  function  of  airspeed,  gross  weiqht,  and  tip  Mach  number,  and 
to  define  range  and  endurance  characteristics.  Data  were  not  obtained 
with  the  personnel  door  or  carqo  ramp  open,  at  forward  or  aft  cg's,  with 
the  engine  anti-ice  on,  or  with  only  one  engine  operating. 

The  level  flight  performance  tests  were  flown  at  a  constant  C’t/o 
(o  being  the  rotor  solidity  ratio)  and  Nr//o".  This  required  varying 
rotor  rpm  to  maintain  Nr/»/o  constant  as  ambient  temperature  changed.  By 
using  Nr/» 0  the  equation  for  computing  Ct  becomes  a  function  of  the  gross 
weight  to  ambient  pressure  ratio  (GW/O .  This  technique  required  in¬ 
creasing  pressure  altitude  as  fuel  was  consumed  to  maintain  a  constant 
Ct.  The  test  data  were  corrected  for  adiabatic  temperature  rise.  Power 
required  was  determined  from  the  installed  engine  torquemeters  and  rotor 
rpm.  Plots  of  Cp  versus  u  are  presented  in  fiqures  8  throuqh  24,  appen¬ 
dix  I.  The  fairings  were  obtained  from  cross  plots  of  Cp  versus  Ct  at  a 
constant  u . 

An  analysis  of  these  level  flight  performance  data  was  conducted 
to  determine  if  there  were  any  changes  in  power  required  when  fuselage 
Reynolds  number  (Re)  was  varied  and  all  other  independent  variables  were 
held  constant.  With  the  flight  conditions  and  configurations  flown  dur¬ 
ing  this  firogram  the  Re  effects  were  not  significant,  reference  fiqures 
11  and  12,  appendix  I. 

One  speed-power  was  flown  at  a  Ct /o  of  0.0785  to  determine  the  drag 
penalty  of  extended  landing  gear.  There  was  a  9.5-percent  increase  in 
power  required  at  144  KCAS ,  and  this  value  gradually  decreased  until,  at 
approximately  75  KCAS,  there  was  no  significant  increase  in  power  required. 
A  comparison  of  the  results  is  presented  in  figure  25,  appendix  I. 

A  level  flight  test  to  determine  the  effects  on  aircraft  performance 
when  both  engines  were  equipped  with  engine  air  particle  separators  (EAPS) 
was  conducted  at  a  Cj/c  of  0.0595.  At  155  KCAS  there  was  a  5.5-percent 
increase  in  power  required  which  decreased  to  less  than  1  percent  at  120 
KCAS.  The  results  of  this  test  are  presented  in  figure  26,  appendix  I. 

AUTO  ROTATIONAL  CHARACTERISTICS 

Sawtooth  autorotation  descents  were  conducted  in  conjunction  with 
the  sawtooth  climbs  to  determine  the  speed  for  minimum  rate  of  descent 
and  speed  for  maximum  range  in  autorotation.  The  test  conditions  were 
the  same  as  in  the  sawtooth  climbs.  The  observed  rate  of  descent  was 
corrected  to  test  day  tapeline  rate  of  descent  by  the  following  equation: 


R/Dt 


Tat 

T*s 


when  R/Dt  was  the  tapeline  rate  of  descent  in  feet  per  minute,  dh/dt 
being  the  slope  of  the  pressure  altitude  versus  time  curve  in  feet  per 
minute.  Tat/Tas  was  the  ratio  of  test  day  ambient  temperature  to  the 
standard  day  temperature  for  the  test  altitude.  Figure  27,  appendix  I, 
shows  R/Dt  versus  calibrated  airspeed  for  the  condition  investigated. 
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The  speed  for  minimum  rate  of  descent  was  established  as  the  minimum 
point  on  the  curve.  The  tangent  to  this  curve  from  the  0-0  point  of  the 
axis  established  the  speed  for  maximum  range  in  autorotation.  Althouqh 
the  major  portion  of  the  autorotation  testing  was  conducted  at  185  rpm 
(100  percent)  sufficient  qualitative  data  were  obtained  at  the  lower  rotor 
rpm  of  17b  (95  percent)  to  determine  that  the  rate  of  descent  was  lowered 
by  approximately  150  feet  per  minute.  When  operatinq  at  this  lower  rotor 
speed  there  was  no  noticeable  difference  in  handling  qualities  of  the 
helicopte  r . 

AIRSPEED  CALIBRATION 

The  standard  airspeed  system  and  the  test  airspeed  system  were 
calibrated  throughout  the  airspeed  ranqe  during  level  fliqht.  A  ground 
speed  course  was  used  and  the  test  was  conducted  at  185  rotor  rpm,  30,000- 
pound  gross  weight,  mid  cq,  and  a  density  altitude  of  sea  level.  The 
test  was  flown  in  nearly  calm  air  (less  than  3  knots). 

The  test  system  used  a  boom  with  a  swivel  pitot-static  head.  The 
standard  airspeed  system  calibration  was  obtained  for  climb,  level 
fliqhts,  and  autorotation  using  the  level  flight  ground  speed  course 
calibration  for  the  test  system.  This  assumed  that  the  swivel  pitot- 
static  head  used  on  the  test  system  was  unaffected  by  pitch  and  yaw 
angles  of  less  than  20  degrees.  The  test  and  standard  airspeed  system 
calibration  is  presented  in  figure  28,  appendix  I. 

POWER  DETERMINATION  AND 
ENGINE  CHARACTERISTICS 

The  HH-53C  employed  an  electronic  torque  monitoring  system  to 
measure  the  percent  of  torque  being  applied  by  each  engine  to  the  main 
transmission.  A  torque  reading  of  100  percent  was  equivalent  to  3,200 
shaft  horsepower.  The  torque  sensing  system  was  located  at  the  engine 
input  section  to  the  nose  gearbox  and  was  made  up  of  the  torque  shaft, 
torque  pickup,  the  phase  detector,  and  the  torque  indicator.  The  torque 
sensor  shaft  consisted  of  an  inner  and  outer  shaft  arranged  so  that  the 
inner  shaft  was  subjected  to  the  power  turbine  load.  The  major  diameter 
on  each  shaft  was  machined  to  contain  72  teeth.  This  portion  of  the 
shaft  was  the  exciter.  The  torque  pickup  was  a  coil  installed  in  the 
torque  tube  opposite  the  exciter. 

The  system  measured  torque  by  measuring  the  twist  in  the  shaft 
connecting  the  engine  to  the  load.  To  measure  this  twist  a  pickup  was 
installed  in  the  torque  tube  opposite  a  pair  of  gear  teeth  on  the  rotat¬ 
ing  shaft.  As  the  shaft  rotated,  two  ac  signals  were  induced  in  the 
pickup  coils.  As  the  torque  in  the  shaft  increased,  the  two  sets  of 
teeth  were  displaced  from  each  other  as  the  shaft  twisted  and  the  phase 
angle  difference  between  the  two  ac  voltages  changed.  The  output  of  the 
pickup  coils  was  fed  into  a  phase  detector  that  electronically  measured 
the  phase  angle  change.  This  phase  angle  was  then  converted  to  an  out¬ 
put  voltage  proportional  to  torque.  Test  shaft  horsepower  was  determined _ 
from  inflight  torquemeter  readings  and  rotor  rpm  using  the  following  equa 
tion : 


SHP  _  (13,600)  (%  rpm)  (%  Q)  (1,235) 
engine  5,250 
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Shaft  horsepower,  fuel  flow,  gas  producer  speed,  and  turbine  inlet 
temperature  were  corrected  to  standard  atmospheric  conditions.  The 
engine  characteristics  were  defined  by  the  plots  of  the  following  param¬ 
eters  : 

§2E.  VS 

6/0  /e 


\/  0  6/0 


and  are  presented  in  figures  168  through  175,  appendix  I. 

STATIC  LONGITUDINAL  SPEED  STABILITY 

Static  longitudinal  speed  stability  tests  were  conducted  at  a 
fixed  collective  pitch  setting.  Specifically,  longitudinal  stick  position 
versus  airspeed  and  longitudinal  stick  movement  required  throughout  the 
speed  range  were  to  be  determined  for  most  allowable  eg  locations.  The 
test  gross  weights  were  varied  from  31,000  to  41,000  pounds  and  pressure 
altitudes  from  4,000  to  13,000  feet.  Trim  conditions  were  level  flight 
at  35  KCAS,  0.6  Vj^,  0.8  Vmax  *  an<*  V^^x,  climb  at  best  climb  airspeed, 

autorotation  at  the  airspeed  for  minimum  rate  of  descent,  and  partial 
power  descent  at  35  KCAS.  Hover  trim  points  were  not  obtained  since  the 
weather  was  not  favorable  at  the  time  the  speed  stability  testing  was 
conducted. 

The  static  longitudinal  stability  was  generally  positive  for  the 
conditions  tested  except  for  some  neutral  or  slightly  negative  speed 
stability  around  the  35  KCAS  trim  point  for  level  flight  and  partial 
power  descent.  The  amount  of  negative  stability  encountered  was  not 
objectionable.  Figure  1  shows  control  position  as  a  function  of  airspeed 
for  forward  and  aft  center  of  gravity  locations.  As  shown  in  figure  1, 
the  slope  of  the  curve  was  generally  the  same  for  both  conditions  and  the 
cyclic  control  was  displaced  forward  approximately  2  inches  for  the  aft 
center  of  gravity  loading,  but  did  not  change  the  stability  characteristics 
of  the  helicopter.  Tests  were  conducted  per  MIL-H-8501A. 


$ 


Notes. 

LtvtL  e ligm t 

AVC  GROSS  WEIGHT  .  31,000  pound. 
AVG  PRESSGRe  ALtltUOE  -  4.000  l..i 
ROTOR  SPEED  -  I8S  pin 


Figurt  1  CENTEH  OF  GRAVITY  EFFECTS  ON  LONGITUDINAL  CONTROL  POSITION 


The  HH-53C  did  not  meet  the  requirements  of  MIL-H-8501A  in  that  the 
maximum  airspeed  trim  points  were  usually  limited  by  full  up  collective 
pitch.  At  the  maximum  airspeed  trim  point  with  an  aft  center  of  gravity, 
there  was  approximately  10 -percent  of  the  lonqitudinal  cyclic  control 
remaining.  All  the  static  longitudinal  speed  stability  testing  was 
conducted  at  100-percent  rotor  speed  (185  rpm)  and  therefore  speed  sta¬ 
bility  characteristics  at  a  different  rotor  speed  were  not  determined. 
Results  of  the  static  longitudinal  speed  stability  tests  are  presented 
in  figures  29  through  50,  appendix  I. 


STATIC  DIRECTIONAL  STABILITY 

Static  directional  stability  of  the  HH-53C  was  investigated  for 
similar  flight  conditions  as  the  static  longitudinal  speed  stability 
to  determine  compliance  with  MIL-H-8501A  requirements.  All  static  direc¬ 
tional  stability  tests  were  conducted  at  the  full  aft  eg  location  (352) 
with  the  AFCS  operative  and  inoperative. 

In  conducting  this  test,  the  aircraft  was  trimmed  in  stabilized 
flight  at  a  zero  sideslip  angle,  and  then  the  sideslip  angle  was  intro¬ 
duced  in  both  directions  by  opposite  use  of  lateral  stick  and  directional 
pedals  while  maintaining  a  constant  airspeed. 

In  level  flight  the  dihedral  effects  increased  with  increasing  air¬ 
speed  and  altitude.  Inoperative  AFCS  had  no  effect  on  the  static  direc¬ 
tional  stability  characteristics  of  the  aircraft.  The  data  in  figures 
51  through  65,  appendix  I,  show  positive  dihedral  effect  and  static 
directional  stability  for  the  flight  conditions  and  aircraft  configura¬ 
tions  investigated. 
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SIDEWARD  AND  AND  REARWARD  FLIGHT 


Sideward  and  rearward  flight  tests  were  conducted  on  the  HH-53C  to 
determine  the  static  stability  characteristics  of  the  helicopter  in  these 
flight  regimes  and  determine  compliance  with  MIL-H-8501A. 

The  HH-53C  had  acceptable  sideward  flight  characteristics.  Below 
translational  lift  (15  knots) ,  smooth  and  steady  flight  was  possible  with 
a  minimum  of  control  inputs  and  no  difficulty  was  encountered  in  holding 
the  desired  heading.  During  translational  lift  (15  to  25  knots)  direc¬ 
tional  control  was  difficult  and  numerous  control  inputs  were  required 
to  hold  the  desired  heading.  Above  25  knots,  sideward  flight  was  again 
smooth  and  steady.  Examination  of  this  data  showed  that  there  was  ade¬ 
quate  lateral  cyclic  control  and  directional  control  for  sideward  flight 
to  the  left  and  right  up  to  35  KTAS .  The  result  of  the  sideward  flight 
test  is  presented  in  figure  66,  appendix  I.  At  35  KTAS  to  the  right, 
there  was  less  than  1  inch  of  pedal  control  remaining,  which  is  less 
than  10  percent  of  the  total  control  travel  available.  Adequate  lateral 
control  to  hold  attitude  was  available  and  from  figure  66,  appendix  I, 
it  can  be  observed  that  a  linear  gradient  of  lateral  stick  required 
versus  airspeed  existed  from  hover  to  35  KTAS  riqht.  From  translational 
lift  sideward  to  the  left,  the  lateral  stick  gradient  was  essentially 
flat  and  required  approximately  1/2-inch  left  lateral  stick  out  to  35 
KTAS.  This  flat  gradient  presented  no  problems  for  sideward  flight  out 
to  35  KTAS. 

Sideward  flight  tests  with  an  asymmetric  loading  were  not  conducted 
during  this  test  program.  From  the  data  obtained  at  the  symmetrical 
loading  condition  investigated,  it  would  seem  likely  that  with  an  asym¬ 
metric  loading  (a  full  left  external  fuel  tank  and  a  jettisoned  right 
external  fuel  tank)  that  the  maximum  airspeed  obtainable  in  right  side¬ 
ward  flight  may  be  limited  by  directional  pedal  control.  Therefore,  with 
an  asymmetric  loading  it  would  appear  that  the  maximum  crosswind  component 
will  be  reduced  when  hovering  over  a  spot,  resulting  in  a  degradation  of 
the  mission  capability. 

Rearward  flight  was  tested  from  0  to  32  KTAS.  Frcxn  a  hover  the 
helicopter  accelerated  easily  into  rearward  flight.  As  translational 
lift  was  reached  the  HH-53C  had  a  nose  down  tendency  which  required  a 
1-inch  aft  cyclic  input  to  prevent  nose  down  pitching.  Above  trans¬ 
lational  lift  speed,  the  longitudinal  cyclic  stick  gradient  becomes 
nearly  flat  out  to  32  KTAS  when  approximately  2  inches  or  20  percent  of 
aft  longitudinal  stick  control  remained.  The  graphic  results  of  the 
rearward  flight  test  are  presented  in  figure  67,  appendix  I.  To  recover 
from  rearward  flight,  the  nose  was  lowered  slightly  to  slow  down,  and 
at  about  15  KTAS  a  turn  to  the  right  was  started  with  the  directional 
pedals.  This  resulted  in  a  roll  to  the  left.  Full  right  cyclic  control 
was  just  sufficient  to  stop  this,  but  not  enough  to  initiate  a  roll  back 
to  the  right.  An  attempt  to  use  the  above  maneuver  to  recover  from 
rearward  flight  with  an  asymmetric  loading,  as  described  in  sideward 
flight,  would  result  in  very  marginal  handling  qualities  and  would  be 
hazardous. 

The  sideward  and  rearward  flight  tests  were  conducted  at  41,000 
pounds  gross  weight  with  a  eg  location  at  the  forward  limit  of  328  inches. 
The  sideward  and  rearward  flight  operations  were  conducted  in  ground 
effect  at  a  wheel  height  of  approximately  20  feet  at  185  rpm  rotor  speed. 
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DYNAMIC  STABILITY 


Dynamic  stability  characteristics  were  determined  by  analysis  of 
the  aircraft  reaction  to  pulse  type  control  inputs.  The  duration  of  the 
pulses  were  approximately  1  second  with  a  maqnitude  of  approximately  1 
inch  for  longitudinal  and  lateral  control  and  2  inches  for  the  direc¬ 
tional  control.  A  mechanical  jig  was  used  in  makinq  precise  pulse 
inputs . 


Hover 

Dynamic  stability  in  a  hover  (IC.i:)  at  sea  level  was  investiqated  at 
forward  and  aft  eg  locations  at  31,000  and  41,000  pounds  gross  weight 
with  the  AFCS  both  operative  and  inoperative.  Aircraft  reactions  to 
all  control  inputs  were  comparable  reqardless  of  the  qross  weight  or  eg 
location. 

The  HH-53C  was  dynamically  stable  about  all  axes  with  the  AFCS  on 
and  its  rates  were  damped  out  within  2  seconds  after  the  pulse  inputs. 

A  pitch-roll-yaw  couplinq  with  the  AFCS  inoperative  was  slightly 
evident  during  longitudinal  pulse  disturbances.  This  coupling  character¬ 
istic  became  more  evident  as  gross  weiqht  was  increased. 

A  pitch-roll-yaw  coupling  was  produced  during  a  lateral  disturbance 
with  the  AFCS  inoperative.  Following  the  lateral  pulse  the  helicopter's 
initial  motion  was  in  the  proper  direction,  and  approximately  1  second 
after  pulse  input  the  aircraft  beqan  to  roll  in  the  opposite  direction 
at  a  slower  rate  accompanied  by  an  oscillatina  pitch  attitude  and  an 
increasing  yaw  rate  in  the  direction  of  control  input;  this  continued 
until  recovery  was  made. 

A  directional  pedal  pulse  produced  a  pitch-roll-yaw  coupling  of 
which  the  lateral-directional  couplinq  was  the  most  significant.  Follow¬ 
ing  a  directional  input  the  helicopter  motion  was  an  immediate  yaw  in  the 
proper  direction  and  this  was  accompanied  by  a  roll  oscillation  in  a 
direction  opposite  to  the  control  input. 

The  results  of  the  hover  dynamic  stability  testing  are  presented  in 
the  form  of  time  histories  in  figures  68  through  73,  appendix  I. 


Climb 

Dynamic  stability  characteristics  during  climb  were  investigated  at 
a  climb  speed  of  62  KCAS .  Test  conditions  were  31,000  pounds  gross 
weight,  15,000  feet  density  altitude,  and  an  aft  eg  location  with  the 
AFCS  on  and  off.  A  rotor  speed  of  185  rpm  was  used  during  the  climb 
dynamic  stability  investigation. 

The  helicopter  was  stable  about  all  axes  following  an  artificial 
disturbance  with  the  AFCS  on.  With  the  AFCS  off,  recovery  was  necessary 
in  approximately  1-1/2  seconds  following  a  lonqitudinal  control  pulse 
because  of  the  high  pitching  attitudes. 
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The  aircraft  reaction  to  a  lateral  pulse  with  the  AFCS  off  produced 
a  pitch-roll-yaw  couplinq  with  the  lateral-directional  coupling  predomi¬ 
nating.  The  rolling  motion  was  in  the  proper  direction,  followed  by  a 
divergent  rolling  motion  in  the  opposite  direction,  requiring  corrective 
action  approximately  2-1/2  seconds  after  the  pulse  input. 

Helicopter  motion  following  a  directional  pedal  pulse  with  the  AFCS 
off  produced  an  evident  roll-yaw  couplinq.  This  significant  yaw  oscilla¬ 
tion  was  accompanied  by  a  roll  in  the  direction  of  control  pulse  input, 
requiring  a  recovery  maneuver  approximately  3  seconds  after  control 
input.  The  resu’ts  of  the  climb  dynamic  stability  testing  are  presented 
in  figures  74  through  79,  appendix  I. 

Level  Flight 

Dynamic  stability  characteristics  in  level  fliqht  were  determined 
at  31,000  and  41,000  pounds  gross  weight,  5,000  and  15,000  feet  density 
altitude,  and  at  the  full  forward  and  aft  eg  locations  with  the  AFCS  on 
and  off.  Airspeeds  investigated  were  50  KCAS ,  0.6  Vj^y ,  and  0.8  Vj^y. 

With  the  AFCS  operative,  the  helicopter  exhibited  good  dynamic  sta¬ 
bility  about  all  axes  after  pulse  inputs.  Damping  was  high  about  the 
longitudinal  and  lateral  axes  and  only  slightly  positive  following  a 
directional  disturbance.  With  the  AFCS  inoperative,  a  longitudinal  pulse 
input  produced  a  divergent  pitching  moment  in  the  proper  direction  re¬ 
quiring  a  recovery  maneuver  within  1  second  at  0.8  V^y  This  value 
increased  to  2  seconds  at  50  KCAS .  In  both  cases ,  recovery  was  started 
after  about  15  degrees  of  attitude  change. 

Following  a  lateral  disturbance  with  the  AFCS  inoperative,  an  im¬ 
mediate  pitch-roll-yaw  coupling  was  present.  Lateral-directional  coupling 
was  the  most  significant.  A  rolling  motion  was  produced  in  the  direction 
of  control  input  followed  by  a  divergent  rolling  oscillation  in  the  other 
direction  requiring  a  recovery  maneuver.  This  divergence  in  roll  was 
accompanied  by  a  diverging  pitch  attitude.  This  coupling  was  more 
noticeable  at  the  higher  airspeeds. 

Pitch-roll-yaw  coupling  was  present  for  disturbances  about  the 
directional  axis  with  the  AFCS  inoperative.  Again  the  lateral-directional 
coupling  was  the  most  significant.  Directional  pulses  resulted  in  atti¬ 
tude  changes  in  the  direction  of  input.  The  attitudes,  rates,  and  ac¬ 
celerations  generated  required  aircraft  recovery  when  divergence  in  one 
or  more  axes  became  evident. 

Representative  time  histories  of  the  helicopter  motion  following 
pulse  control  displacement  during  level  flight  are  presented  in  figures 
80  through  85,  appendix  I. 

CONTROLLABILITY 

Time  histories  resulting  from  approximately  1  inch  step  control 
inputs  were  used  in  evaluating  the  controllability.  Control  power, 
control  response,  and  control  sensitivity  were  determined  for  various 
magnitudes  of  control  displacement.  As  in  dynamic  stability,  a  jig  was 
used  to  insure  a  constant  control  displacement.  Flight  conditions  in¬ 
vestigated  were  similar  to  those  evaluated  during  the  dynamic  stability 
portion  of  the  test  program. 
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Hover 


The  controllability  in  hover  Kli'  was  determined  by  analysis  of  the 
time  histories  resulting  from  the  step  control  displacement.  The  heli 
copter's  control  power,  control  response,  and  control  sensitivity  ob¬ 
tained  from  various  magnitudes  of  control  inputs  are  plotted  in  figures 
through  115,  appendix  I.  Table  I]  presents  a  general  summary  of 
these  results  obtained  from  a  1-inch  control  step  input.  As  indicated 
by  this  table,  the  longitudinal  and  lateral  requi rements  of  MIL-H  8501A 
were  met  for  both  VFR  and  1FR  flight  with  the  AFCS  both  operative  and 
inoperative,  but  these  requirements  were  not  met  in  the  directional  axis. 
Time  histories  resulting  from  1-inch  step  inputs  are  presented  in  figures 
86  through  109,  appendix  i. 


Climb  and  Autorotation 

The  climb  and  autorotational  longitudinal  and  lateral  controllabil¬ 
ity  characteristics  were  similar.  The  directional  anqular  acceleration 
and  velocity  were  slightly  greater  durinq  autorotation  than  climb.  In 
any  case  there  was  always  adequate  control  power  to  correct  for  gust 
disturbances  and  for  maneuvering  durinq  climbs  and  autorotations.  These 


Gross  Weight  =  31,000  Pounds  Pressure  Altitude  =  Sea  Level 


Axis 

Atti tude 
Displacement 
(deq/in. ) 

Time 
Lapse 
(sec)  * 

Maximum  Angular 
Velocity 
(deg  'sec/in .  ) 

— 

Time 
Lapse 
(sec)  ** 

Maximum  Angular 
Acceleration 
(deg/sec2/ in . ) 

Time 
Lapse 
(sec)  *  * 

AFCS  ON,  AFT  CG  (352 

INCHES) 

Pitch 

2.6  UP  /3.0  DOWN 

4.0  UP  /3 . 5  DOWN 

0.87 

9.0  UP  /7 . 5  DOWN 

0.33 

Roll 

2.0  LEFT/2.2  RIGHT 

mm 

6.0  LEFT/6.0  RIGHT 

0.56 

10.7  LEFT/12 . 5  RIGHT 

0.19 

Yaw 

2.7  LEFT/2.3  RIGHT 

4.0  LEFT/ 3 . 7  RIGHT 

0.89 

6.0  LEFT  75 . 0  RIGHT 

_  .  .  _  . 

0.14 

AFCS  OFF,  AFT  CG  (352 

INCHES) 

Pitch 

3.5  UP  /3 . 7  DOWN 

1.0 

6.5  UP  /8.3  DOWN 

1.50 

9.0  UP  /7.S  DOWN 

0.32 

Roll 

2.8  LEFT/3.5  RIGHT 

0.5 

10.5  LEFT/11.8  RIGHT 

1.09 

13.0  LEFT/11.2  RIGHT 

0.19 

Yaw 

3.7  LEFT/3.5  RIGHT 

1.0 

5.3  LEFT/5.0  RIGHT 

6.0  LEFT/5.0  RIGHT 

0.21 

AFCS  ON,  FWD  CG  (328 

INCHES) 

Pitch 

2.4  UP  /2 . 2  DOWN 

1.0 

3.5  UP  /4.0  DOWN 

1.0 

6.7  UP  6.8  DOWN 

0.4 

Roll 

2.2  LEFT/2.0  RIGHT 

0.5 

7.0  LEFT/6.5  RIGHT 

0.5 

16.0  LEFT/19.0  RIGHT 

0.19 

Yaw 

2.0  LEFT/1.6  RIGHT 

1.0 

10.0  LEFT/1 0.0  RIGHT 

7.0  LEFT/6.5  RIGHT 

-  - 

0.15 

AFCS  OFF,  FWD  CG  (328 

INCHES) 

Pitch 

3.1  UP  /3.2  DOWN 

mm 

6 . 7  UP  6.8  DOWN 

0.4 

Roll 

4.4  LEFT/4.1  RIGHT 

■ 

9 

1.2 

16.0  LEFT/19.0  RIGHT 

0.24 

Yaw 

2.5  LEFT/2.5  RIGHT 

1 

8.5  LEFT  '8.3  RIGHT 

0.25 

"MIL-H-8501A  specified  these  time  delays  before  measuring  attitude  change  following  a  1-inch 
control  step  inout. 

**Time  required  to  reach  maximum  angular  velocity  or  angular  acceleration. 
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conditions  and  results  ot  the  1-inch  control  step  inputs  are  tabulated 
in  table  III.  Time  histores  resultinq  from  1-inch  step  control  inputs 
are  presented  in  fiqures  116  through  127,  appendix  1.  The  aircraft's 
sensitivity  and  response  for  various  control  inputs  are  presented  in 
fiqures  128  throuqh  130,  appendix  1. 

Level  Flight 

Time  histories  resultinq  from  approximately  1-inch  step  inputs  were 
obtained  during  level  fliqht  and  are  presented  in  fiqures  131  throuqh 
142,  appendix  1.  AFCS  had  very  little  effect,  under  the  conditions 
tested,  on  the  lonqitudinal  and  lateral  response  and  sensitivity  to  the 
above  control  inputs.  These  results  are  summarized  in  table  IV,  and 
were  obtained  from  the  various  controllability  plots  presented  in  fiqures 
143  throuqh  145,  appendix  I.  Overall,  the  control  effectiveness  was 
lower  during  level  fliqht  than  while  hoverinq  or  during  climb  and  auto¬ 
rotation  . 

AFCS  HARDOVERS 

The  AFCS  incorporated  in  the  HH-53C  was  composed  of  two  systems 
which  gave  redundancy  in  pitch  and  roll  but  not  in  yaw.  Hardover  fail¬ 
ures  were  electrically  induced  in  one  axis  of  one  AFCS  while  the  remaining 
axis  of  that  AFCS  and  the  remaininq  axes  of  the  second  AFCS  were  operat¬ 
ing  normally.  The  gross  weight  and  eg  location  for  these  tests  were 
31,000  pounds  and  328  inches. 


Table  III 


AIRCRAFT  RESPONSE  TO  STEP  INPUT  DURING  CLIMB  AND  AUTOROTATION 

Gross  Weight  =  31,000  Pounds  Pressure  Altitude  =  15,000  Feet 

AFCS  ON,  MID  CG  (340  INCHES) 

Maximum  Angular 

Time 

Maximum  Angular 

Time 

Velocity 

Lapse 

Acceleration 

Lapse 

(deg/sec/in . ) 

(sec)  * 

(deg/sec^/in. ) 

(sec) * 

CLIMB  AT 

62  KCAS 

3.0  UP  /3.7  DOWN 

1.09 

4.5  UP  /4 . 7  DOWN 

0.37 

5.7  LEFT/ 6 . 0  RIGHT 

0.56 

9.0  LEFT/10.3  RIGHT 

0.19 

1.5  LEFT/1.8  RIGHT 

1.45 

2.5  LEFT/3.5  RIGHT 

0.14 

AUTOROTATION  AT  72  KCAS 

3.0  UP  /3 . 7  DOWN 

0.92 

4.5  UP  /4 . 7  DOWN 

0.32 

5.7  LEFT/6.0  RIGHT 

0.53 

9.0  LEFT/10.3  RIGHT 

0.26 

2.5  LEFT/2.2  RIGHT 

1.75 

3.7  LEFT/3.5  RIGHT 

0.13 

♦Time  required  to  reach  maximum  angular  velocity  or  angular 
acceleration . 
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Table  IV 


AIRCRAFT  RESPONSE  TO  STEP  INPUT  DURING  LEVEL  FLIGHT 

Gross  Weight  =  41,000  Pounds  Pressure  Altitude  =  7,000  Feet 

113  KCAS 

Maximum  Angular 
Velocity 
(deg/sec/in. ) 

Time 

Lapse 
(sec) * 

Maximum  Angular 
Acceleration 
(deg/sec^/in. ) 

Time 
Lapse 
(sec) * 

AFCS  ON,  FWD  CG  (328  INCHES) 

2.5  UP  /2.0  DOWN 

0.67 

3.0  UP  /3 . 5  DOWN 

0.45 

3.0  LEFT/3.5  RIGHT 

0.54 

5.5  LEFT/5.2  RIGHT 

0.33 

1.0  LEFT/1.0  RIGHT 

0.63 

1.3  LEFT/ 1.1  RIGHT 

0.20 

AFCS  OFF,  FWD  CG  (328  INCHES) 

2.8  UP  /2.0  DOWN 

0.75 

4.5  UP  /4 . 5  DOWN 

0.58 

5.5  LEFT/5.2  RIGHT 

0.53 

8.0  LEFT/8.0  RIGHT 

0.48 

1.0  LEFT/ 1.0  RIGHT 

0.75 

1.3  LEFT/1.1  RIGHT 

0.20 

*Time  required  to  reach  maximum  angular  velocity  or  angular 
acceleration. 


While  hovering,  a  hardover  about  the  pitch  axis  resulted  in  a  mild 
pitch  up  or  pitch  down  in  the  appropriate  direction.  After  the  failure 
of  the  pitch  channel,  about  2  seconds  were  required  before  the  redundant 
AFCS  system  damped  this  pitching  moment  and  the  aircraft  then  assumed  a 
new  pitch  altitude  up  to  10  degrees  different  than  before  hardover.  A 
hardover  about  the  yaw  axis  resulted  in  a  pure  divergent  yaw  in  the 
correct  direction.  After  a  hardover  in  yaw,  corrective  action  was  ini¬ 
tiated  after  an  attitude  change  of  15  degrees.  This  was  reached  2  sec¬ 
onds  after  the  hardover  was  induced.  A  10  degree  per  second  rate  was 
the  maximum  encountered  during  a  yaw  hardover  in  either  direction.  In 
all  cases  investigated  the  aircraft  had  a  mild  reaction  to  all  AFCS 
hardover s  during  hover. 

AFCS  hardovers  were  conducted  for  climb  and  autorotation  at  air¬ 
speeds  for  best  rate  of  climb  and  minimum  rate  of  descent.  Maximum 
pitch  rates  of  5  degrees  per  second  were  encountered  1  second  after  the 
hardover  was  induced,  and  this  same  rate  was  obtained  from  a  roll  hard- 
over  in  1/2  second.  Response  to  hardover  inputs  in  yaw  during  climb  and 
autorotation  were  divergent  with  rates  of  6  degrees  per  second  occurring 
2  seconds  after  hardover. 
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During  level  flight,  hardovers  were  induced  in  each  axis  at  50  and 
130  KCAS .  Maximum  pitch  and  roll  rates  of  5  degrees  per  second  were 
reached  1  second  and  1/2  second,  respectively,  after  the  AFCS  hardover 
was  induced.  AFCS  yaw  hardover  at  50  KCAS  resulted  in  divergent  yawing 
with  a  maximum  yaw  rate  of  6  degrees  per  second  obtained  in  1-1/2  sec¬ 
onds.  The  same  results  were  obtained  at  130  KCAS,  and  in  addition  the 
aircraft  had  a  5  degree  per  second  roll  rate  in  the  direction  of  yaw. 

Time  histories  of  the  hardovers  conducted  during  this  test  program 
are  presented  in  figures  146  through  167,  appendix  I. 
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Figure  SO.  Static  Longitudinal  Spaad  Stability 
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Figure  Static  Longitudinal  Speed  Stability 


HH-53C  USAF  S/N  67-14993 


Flight 

Avg  GW 

Avg  eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Sym 

Condition 

(lb) 

(in.) 

(ft) 

(°C) 

(rpm) 

AFCS 

O 

Climb 

31,000 

352 

9,500 

5 

185 

ON 

O 

Auto. 

31,000 

352 

9,500 

5 

185 

ON 

□ 

Partial  31,000 

Power  Descent 

352 

9,500 

5 

185 

ON 

NOTE:  Solid  Symbols  Denote  Trim  Conditions 


00 

<uc 

u!> 

4) 

V  T> 

oo 

eow 

zn 

** 

i-4  4) 

v  -a 

<u 

a  3 

(0 

3  u 

oa 

hlJ 

4J 

3 

< 

o 

X 

a 

u  a 

W  Jh 

u  S 

•*4  f*  u 

4J  00 

o  o 

4)  P*  • 
H  C3 


2 


1! 

1( 


o 

o 


^  O' 

Cfl 

U 


3 

_  H  tt! 

a  z 

r-l  O 

<1  **h  8 


■S 


•w  l-l 
(0  >w 
O 

a.  . 

c 


CJ-4 
M  (0 

<u  o 

4J  (1^ 
« 

.J-* 

u 

fi 

u 

w 


m  «  o 
w  otf  4 
*j 
3 

0>  /M 

Z  0 


*w  ,J  l 


BB 


-0- - B  ~ 

B  0  B 

•e - ^ — < 


— &  -  <->— 


-b  b- 


Full  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 
4— 


-ae-' 


— a---  a-  Q; 


Pedal  Travel  7.9  Inches  From  Neutral 


S& 


&-  .^2> 

Lateral  Stick  Travel  4.75 
Inches  From  Neutral 


W-53C  USAP  5/N  67-14999 


Avg  C|  Avg  hnif.  Alt  Avf  PAT  Rotor 
(ia.)  (ft)  CC)  (ri 


Level 


night 


Solid  Symbols  Denote  Trim  Condition* 


Full  Collective  Stick  Travel 
12.0  inches  From  Full  Down 


Pedal  Travel  7.9  Inches  From  Neutral 


Lateral  Stick  Trhvel|4.7A 
Inches  From  Neutral 


Longitudinal  Stick  Travel 
6.4  Inches  From  Neutral  • 


80  100 

Calibrated  Airspeed  (At) 


Static  Longitudinal  Speed  Stability 


HH-53C  USAF  S/N  67-14993 


Flight  Avg  CW  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 


Sym  Condition  (lb)  (in.)  (ft) 

O  Level  31,000  352  13,000 

Flight 

NOTE:  Solid  Symbols  Denote  Trim  Conditions 


(°C) 


(rpm) 

185 


AFCS 

ON 


2*  ss  ^ 

41  TJ  OO 
opw  sra 

<->  41  0 

01  u  <u 
(0  3  (0 
3il  OO 

*gf»ld 

<  O 

*  ° 

O  r-t 


«  3 

c n  a  n. 

§ 

iHfl  h 
U  «« 

o  o 
0)  cu  • 
<->  a 

o 

°  S 

M 


3  tJ 
01  pi 

cz 
^  o 
<fl  g 
•O  U  O 
0>  -H  n 
n*  M  >m 
O  *j 

5' 


13 

10 

8 

6 

5 

0 


O0»”0- 


0-0- 


0 — e —  0-0*- 

-  -0  0  0-  O  • — 0-90- 


Full  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 


-0-0 - 0  O  O 


!  !  ! 

Pedal  Travel  7.9  Inches  From  Neutral 


O  <G  U  O 
■HMD S  * 

_ I  4J  *J 

OJ  3 
irf  (0  0) 

o 

o  u  u  ~ 

hJ  2 

4J 

c/i  • 


Lateral  Stick  Travel  4.75 
Inches  From  Neutral 

■lyf  _J 


49 


HH-53C  USAF  S/N  67-14993 


Flight 

Avg  GW 

Avg  eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Sym  Condition 

(lb) 

(in.) 

(ft) 

<°c) 

(**■) 

AFCS 

0  Climb 

31,000 

352 

13,000 

6 

185 

ON 

0  Auto. 

31,000 

352 

13,000 

6 

185 

ON 

□  Partial  31,000 
Power  Descent 

352 

13,000 

6 

185 

ON 

NOTE:  Solid  Symbol*  Denote  Trim  Conditions 


Sew 

||l 

Li 

2&Z 


2 

0 

2 


Lateral  Stick  Travel  4.75 
Inches  From  Neutral 


u 


»  - 


Figure  Ji.  Static  Longitudinal  Speed  Stability 


T 


HH-S3C  USAF  S/N  67-14993 


Flight  Avg  CM  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Syu  Condition  (lb)  (in.)  (ft)  (*C)  (rpn) 

o  Level  37,000  352  4,500  10  185 

Flight 

NOTE:  Solid  Symbols  Denote  Trim  Conditions 


afcs 

ON 


,!fll 

iii. 

if 

«  ~  q 


co  eu. 

5  21 

>H  *H  M 

C8- 

■S  s 

S  8 

g! 

£r. 


iq 

8 


«■»  c 
OC  3 


-5 


-00--^ - 0 - © - 0- 


-0o>  -n — q — ©—0- 


©  © - ®Q*~ 

i 

-0- 

-0-© - e~#- 


Full  Collective  Stick  Travel 
12,0  Inches  From  Full  Down 


-9 - 9-  J)3* 

Pedal  Travel  7.9  Inches  From  Neutral 


SI 


HH-53C  U3AF  S/N  67-14993 


Flight 

Avg  GW 

Avg  eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Sym 

Condition 

(lb) 

(in.) 

(ft) 

(°C) 

(rpm) 

AFCS 

0 

Climb 

37,000 

352 

4,500 

10 

185 

ON 

O 

Auto. 

37,000 

352 

4,500 

10 

185 

ON 

□ 

Partial 

37,000 

352 

4,500 

10 

185 

ON 

Power  Descent 


NOTE:  Solid  Symbols  Denote  Trim  Conditions 


U  X)  oo 

sr 20  0, 

f-t  m  <4 

<U  T>  <U 
•  3  W 
3  «  OO.  , 

<  o 

.*  ° 
o  <-* 


15 

10 

5 

0 


iotih 

228 

r4  14  U 

U  <0  44 

5  £  • 

3  -2 

o 

°  w 

Ja# 

•3«  8  o 

Mh 

3a a  a 

-HJ  « 

4*4  3 

•  oi  0 

4J  frl 

34:22 


-se- 


£> — ©■ 


ao  «- 


-a — a — e- 


-e— e — • — © — ©■ 

Full  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 


-4 - e~ 


-0 - - ♦ - 0 — e— 

uo  -g - a— 9 — ° — -© — 9 — • — e — e- 


Pedal  Travel  7.9  Inches  From  Neutral 


Lateral  Stick  Travel  4.75 
Inches  From  Neutral 


92 


Calibrated  Airspeed  (kt) 

Figured.  Static  Longitudinal  Speed  Stability 


M-53C'  USAT  S/N  67-14993 


Flight  Avg  CM  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Sym  Condition  (lb)  (in.)  (ft)  (*C)  (rpa)  AFCS 

O  Level  37,000  328  4,000  16  1115  ON 

Flight 

NOTE:  Solid  Symbols  Denote  Trim  Conditions 


20  40  60  80  100  120  140  160 

Calibrated  Airspeed  (kt) 


Figure  <4? 


Static  Longitudinal  Speed  Stability 


HH-S3C  USAP  S/N  67-14993 


Plight 

Avg  CM 

Avg  Cg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Sya 

Condition 

(lb) 

(in.) 

(ft) 

(*C) 

(rpa) 

AFCS 

0 

Climb 

37,000 

328 

4,000 

16 

185 

ON 

<> 

Auto. 

37,000 

328 

4,000 

16 

185 

ON 

□ 

Partial 

37,000 

328 

4,000 

16 

185 

ON 

Power  Descent 


NOTE:  Solid  Symbols  Denote  Trim  Conditions 


Pedal  Travel  7.9  Inches  From  Neutral 


Lateral  Stick  Travel  4.75 
Inches  From  Neutral 


</»  • 


20  40  60  SO  100  120  140  160 


Calibrated  Airspaad  (kt) 


M 


Figure  Static  Longitudinal  Speed  Stability 


Longitudinal  Cyclic  Lateral  Pedal  Collective  Stick  Fuselage 

Stick  Position  Stick  Position  Position  Position  Attitude  (deg) 

in.  from  Neutral  in.  from  Neutral  in.  from  Neutral  in.  from  Full  Dovn^ose  Nose 


HH-53C  USAF  S/N  67-14993 


Flight 
Sym  Conditon 
0  Level 
Flight 


Avg  GW  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
(lb)  (in.)  (ft)  (°C)  (rpm)  AFCS 

37  ,000  352  13,300  2  185  ON 


NOTE:  Solid  Symbols  Denote  Trim  Conditions 


Full  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 


i  it. 

Pedal  Travel  7.9  Inches  From  Neutral 


Lateral  Stick  Travel  4.75 
Inches  From  Neutral 


Longitudinal  Stick  Travel 
6.4  Inches  From  Neutral 


Calibrated  Airspeed  (kt) 

Figure^/.  Static  Longitudinal  Speed  Stability 


HH-53C  USAP  S/N  67-14993 


Flight 

Avg  GW 

Avg  eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Sym 

Condition 

(lb) 

(in.) 

(ft) 

(°C) 

(rpm) 

AFCS 

0 

Cllaib 

37,000 

352 

13,300 

2 

185 

ON 

O 

Auto. 

37,000 

352 

13,300 

2 

185 

ON 

p 

Partial 

37,000 

352 

13,300 

2 

185 

ON 

Power  Descent 

NOTE:  Solid  Symbols  Denote  Trim  Conditions 


«  gg  l( 

2  v  o 
S’?  5 

3u  c  a 
‘■‘S#3  10 

js  ”  15 

3  3 

W  _  3 

“3*  K 

sss 

U  ««M  c 

o  o  5 
4>ft*  ♦ 

3  3 

o  ^  o 

°  3 

L  5 

,«■- 
|S 5  0 

*  4^  3 

Jl*  ‘I 


m 

Sm  fl 


3$  S  2' 

”4 

3  1  6 

«-♦  ,.*■«  s 

§13  * 

-S3 

32!  j 

°%lt  u 

S3'*4  o 

!Sii  1 

20 

3 


Full  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 


Pedal  Travel  7.9  Inches  From  Neutral 


Lateral  Stick  Travel  4.73 
Inches  From  Neutral 


Longitudinal  Stick  Travel 
6.4  Inches  From  Neutral 


60  80  100  120 
W 

Calibrated  Airspeed  (kt) 


Figure  ¥2.  Static  Longitudinal  Speed  Stability 


HH-S3C  USAF  S/N  67-14993 

i-  *  !  i.  .  * 

Flight  Avg  CM  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Syn  Condition  (lb)  (in.)  (ft)  (*C)  (rpn)  AFCS 

o  level  41,000  352  4,000  16  185  ON 

Flight 

NOTE:  Solid  Symbols  Denote  Trim  Conditions 


^"0— • - @ — 9 O- 


-0 - ©~ ® - ^ 

I  I  I 


O  Q  — 0  0 

°  o—Q  0-  -0 — e-  -e — • - o  e  e- 

Full  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 


« — o  Q  4- 

i  iff 

Pedal  Travel  7.9  Inches  From  Neutral 


Lateral  Stick  Travel  4.75 


Longitudinal  Stick  Travel 
6.4  Inches  From  Neutral 


40  60  80  100  120  140  160 

Calibrated  Airspeed  (kt) 


Figure  vj.  Static  Longitudinal  Speed  Stability 


57 


HH-S3C  USAF  S/N  67-14993 


Flight 

AVg  CM 

Avg  eg 

Avg  Press.  Alt 

Avg  PAT 

Kotor  Speed 

Sya 

Condition 

(lb) 

(in.) 

(ft) 

CC) 

(T>») 

AFCS 

0 

Climb 

41,000 

352 

4,000 

16 

185 

ON 

O 

Auto. 

41,000 

352 

4,000 

16 

185 

ON 

□ 

partial 

41,000 

352 

4,000 

16 

185 

ON 

Power  Descent 


NOTE:  Solid  Symbols  Denote  Trim  Conditions 


-0- 


-0 — © — # — © — e- 

O-a-  » — Q — a — -0-  Full  Collective  Stick  Travel 

12.0  Inches  From  Full  Down 
© - © - * - © - 0- 


+ - © - 

© — © — +• — O  O 


Pedal  Travel  7.9  Inches  From  Neutral 


Lateral  Stick  Travel  4.75 
inches  From  neutral 


Longitudinal  stick  Travel 
6.4  Inches  From  Neutral 


40  60  80  100  120  140  160 

Calibrated  Airspeed  (kt) 


Figure  Vf 


Static  Longitudinal  Speed  Stability 


HH-53C  USAF  S/N  67-14993 


flight  Avg  GW  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Sym  Condition  (lb)  (In.)  (ft)  (°C)  (rpai)  Al'CS 

O  Uvol  41,000  328  4,700  10  185  OH 

Flight 

NOTE:  Solid  Symbols  Denote  Trim  Conditions 


-o—e — e- 


90  • — 0—e - 0 


-0-  —Q  —  O# 


0 — 0 — 9 - « - @ - 0 — 0 


Pull  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 


Pedal  Travel  7.9  Inchea  From  Neutral 


Lateral  Stick  Travel  4.75 
Inches  Frost  Neutral 


-0 — 


-0—0- 


t 


Longitudinal  Cyclic  Lateral  Pedal  Collective  Stick  Fuselage 

Stick  Position  Stick  Position  Position  Position  Attitude  (deg) 

Neutral  in.  froa  Neutral  in.  froa  Neutral  in.  froa  Full  Doml. 


ISH-53C  USAP  S/N  67-14993 


Flight 

Avg  CM 

Avg  eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Sya 

Condition 

(lb) 

(in.) 

(ft) 

(*C) 

(rpa) 

AFCS 

0 

Climb 

41,000 

328 

4,700 

10 

185 

ON 

0 

Auto. 

41,000 

328 

4,700 

10 

185 

ON 

c 

Partial 

41,000 

328 

4,700 

10 

185 

ON 

Power  Descent 


NOTE:  Solid  Symbols  Denote  Trim  Conditions 


[8 


1! 

It 

5 

0 


-3-0 — • - 3 - H - 9- 


-e — n- 


Full  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 

— 0 — 


s  5 


-a - 0- 


-4>- 


-© — 0 — • - © — ©- 


Pedal  Travel  7.9  Inches  From  Neutral 


Lateral  Stick  Travel  4.75 
Inches  From  Neutral 


Figure  V6.  Static  Longitudinal  Speed  Stability 


HH-53C  USAF  S/N  67-14993 


Flight  Avg  GW  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Sya  Condition  (lb)  (in.)  •  (ft)  (*C)  (rpn)  AFCS 

o  Level  41,000  352  8,000  16  185  ON 

Flight 

NOTE:  Solid  Symbols  Denote  Trim  Conditions 


®  O- 


e—  6©-  •— 


Q  o  •  -e — 9 — 9-  _e — q - — ©-G-o- 


Fuil  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 


Figure  VZ.  Static  Longitudinal  Speed  Stability 


Longitudinal  Cyclic  Lateral  Pedal  Collective  Stick  Fuselage 

Stick  Position  Stick  Position  Position  Position  Attitude  (deg) 


HH-53C  USAF  S/N  67-14993 

- 


Flight 

Avg  GW 

Avg  eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Sym  Condition 

(lb) 

.„<*»*> 

(ft) 

<*0 

(rpm) 

AFCS 

O  Climb 

41,000 

352 

8,000 

16 

105 

ON 

0  Auto. 

41,000 

352 

8,000 

16 

185 

ON 

0  Partial 

41,000 

352 

8,000 

16 

185 

ON 

Power  Descent 


NOTE:  Solid  Symbols  Denote  Trim  Conditions 


k 


n  i°) 
o 
10 
12 
>01 
8 
6 


u  5 
at  3 


u 

•J 


SHB— • — B- 


« 


-e — e 


Full  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 


•r 


Pedal  Travel  7.9  Inches  From  Neutral 


Figured  Static  Longitudinal  Speed  Stability 


ingltudi.ua  1  Cyclic  Lateral  Pedal  Collective  Stick  Fuselage 

Stick  Position  Stick  Position  Position  Position  Attitude  (deg) 

.n.  fro*  Neutral  in.  fro*  Neutral  in.  fro*  Neutral  in.  fro*  Full  Dowa„_ 


HH-53C  USAF  S/N  67-14993 


Flight  Avg  GW  Avg  eg  Avg  Press.  Alt  Avg  FAT  Kotor  Speed 
Sy*  Condition  (lb)  (In.)  (ft)  (°C)  (rpa)  AFCS 

O  Level  41,000  352  9,000  7  185  ON 

Flight 

NOTE:  Solid  Symbol*  Denote  Trim  Conditions 


Full  Collective  Stick  Travel 
12.0  Inches  From  Full  Down 


Pedal  Travel  7.9  Inches  From  Neutral 


20  40  60  80  100  120  140  1  60 

Calibrated  Airspeed  (kt) 


Figure  Vft  Static  Longitudinal  Speed  Stability 


13 


HH-53C  USAF  S/N  67-14993 


Flight 

Avg  GW 

Avg  eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Sym 

Condition 

(lb) 

(in.) 

(ft) 

(5C) 

(*P«) 

AFCS 

o 

Climb 

41,000 

332 

9,000 

7 

185 

ON 

o 

Auto. 

41,000 

352 

9,000 

7 

185 

ON 

□ 

Partial 

41,000 

352 

9,000 

7 

185 

ON 

Power  Descent 


NOTE:  Solid  Symbols  Denote  Trim  Conditions 


Pedal  Travel  7.9  Inches  From  Neutral 


o  s  u 
•w  u  sA 
-iuC 

2-i 

3*8 

O  M  u 
tJ 


Lateral  Stick  Travel  4.75 
Inches  From  Neutral 


20  40  60  80  100  120  140  160 


Calibrated  Airspeed  (kt) 


14 


Figure  Static  Longitudinal  Speed  Stability 


Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

in.  froa  Neutral  in.  froa  Neutral  in.  froa  Neutral  (deg) 

Left  Right  Aft  Fwd  Left  Right  Nose  Up  and  Right 


HH-SJC  USAF  S/N  67-14993 


Flight  Avg  CM  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Condition  (lb)  (In.)  (ft)  (*C)  (rpa)  AFCS  KCAS 

Level  31,000  352  5,100  5  185  ON  160 

Flight 


0  Fitch 


Left  Angle  of  Sideslip  (deg)  Right 


Figure  St  Static  Directional  Stability 


IS 


Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

in.  frou  Neutral  in.  free  Neutral  in.  iron  Neutral  (deg) 

Left  Right  Aft  Pud  Left  Right  Nose  Up  and  Rid 


! 


HH-S3C  USAJF  S/N  67-14993 


Plight  Avg  CM  Avg  eg  Avg  Press.  Alt  Avg  PAT  Rotor  Speed 
Rendition  (lb)  (in.)  (ft)  (*C)  (rps)  AFCS  KCAS 

tsvsl  .  31,000  352  5,100  5  185  ON  100 

Plight 

0  Pitch 


Longitudinal  Stick  Travel 
6.4  Inches  From  Neutral 


N 


Figure 42-  Static  Directional  Stability 


Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

in.  fro*  Neutral  in.  fro*  Neutral  in.  froa  Neutral  (deg) 

Left  Right  Aft  Fwd  Left  Right  Nose  Up  and  Right 


HH-53C  USAF  S/N  67-14993 


Flight  Avg  GW  Avg  eg  Avg  Press.  Alt  Avg  FAT  Kotor  Speed 
Condition  (lb)  (in.)  (ft)  (*C)  (rpa)  AFCS  KCAS 

Level  31,000  352  5,100  5  185  ON  60 

Flight 


Left  Angle  of  Sideslip  (deg)  Right 


Figured?.  Static  Directional  Stability 


67 


Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

in.  froa  Neutral  in.  free  Neutral  in.  froa  Neutral  (deg) 

Left  Right  Aft  Fud  Left  Right  Nose  Up  and  Right 


HH-53C  USAF  S/N  67*14993 

Flight  Avg  GN  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Condition  (lb)  (in.)  (ft)  (*C)  (rpn)  AFCS  KCAS 

Level  31,000  352  14,800  -10  185  ON  53 

Flight 


O  Pitch 


M  20  10  0  10  20  30 

Left  Angle  of  Sideslip  (deg)  Right 


M  Figure  s¥.  static  Directional  Stability 


Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

In.  froa  Neutral  In.  froa  Neutral  in.  froa  Neutral  (deg) 

Left  Right  Aft  Fad  Left  Right  Nose  Up  and  Right 


HH-53C  USAF  S/N  67-14993 


A 


Flight 

Avg  GW 

Avg  eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Condition 

(lb) 

(in.) 

(ft) 

(°C) 

(rpm) 

Level 

Flight 

31,000 

352 

14,800 

-10 

185 

O  Pitch 

AFCS  RCAS 
ON  9* 


n  Roll 


20 

10 
0 

10  ^  a 


y  Pi 


201 


4 

2 

0 

2 


Q  n  n  ©  Q  ""43 — ©-©— © — © — 


Longitudinal  Stick  Travel 
6.4  Inches  From  Neutral 


Figure  d2T  Static  Directional  Stability 


Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  Loll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

in.  frosi  Neutral  in.  from  Neutral  in.  from  Neutral  (deg) 

eft  Right  Aft  Fud  Left  Right  Nose  Up  and  Right 


HH-53C  USAP  S/N  67-14993 


Flight  Avg  GW 

Condition  (lb) 

Climb  31,000 

Avg  eg 

(In.) 

332 

Avg  Press.  Alt 
(ft) 

14,500 

Avg  FAT  Rotor  Speed 
(°C)  (rpn)  AFCS 

-11  185  ON 

KCAS 

63 

O  Pitch 

20 

w 

n  Roll 

§  t  10 
06 

-0-9 — ee- 

— <9  e- 

•>» — & 

— a- 

_ 

0 

10 

20 


2 

0 


o  o 

•e-*g> — eo — q,  vi  u  — h — 


2 

4 


Longitudinal  Stick  Travel 
6.4  Inches  From  Neutral 


Figure  4S.  Static  Directional  Stability 


Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

in.  from  Neutral  in.  from  Neutral  in.  from  Neutral  (deg) 

Left  Right  Aft  Fwd  Left  Right  Nose  Up  and  Right 


HR -53C  USAF  S/N  67-14993 


Flight  Avg  CW  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Condition  (lb)  (in.)  (ft)  (°C)  (rpm)  AFCS  KCAS 

Partial  31,000  352  14,800  -10  185  ON  53 

Power 
Descent 

O  pitch 

™  .  n  Roll 


0 


Longitudinal  Stick  Travel 

2  6.4  Inches  From  Neutral 

4 


Figured  Static  Directional  Stability 


71 


Longitudinal  Cyclic  Lataral  Cyclic  Pitch  and  Roll 

Pedal  Poaition  Stick  Position  Stick  Position  Angles 

a.  fra  Neutral  in.  froai  Neutral  in.  f ne  Neutral  (deg) 

ft  Right  Aft  Fud  Left  Right  Nose  Up  ad  Right 


HH-5SC  USAf  S/N  67-14993 

Flight  Avg  Of  Avg  eg  Avg  Press.  Alt  Avg  PAT  Rotor  Speed 
Condition  (lb)  (in.)  (ft)  (*C)  (rpn)  AFCS  JCCAS 

Level  41,000  352  5,500  6  185  ON  134 

Flight 

O  Pitch 


HH-SJC 


Avg  eg  Avg  Pmi,  Alt  Avg  FAT  Rotor 
(i».>  tit)  Co  (ti 

352  5,500  6  1 


Flight 


level 


Flight 


Pitch 

Roll 


Lateral  Stick  Travel  4 
Inches  Fran  Neutral 


Longitudinal  Stick  Travel 
6.4  Inches  From  Neutral 


Pedal  Travel  7.9  Inches  From  Neutral 


10  0  10 
Angle  of  Sideslip  (dog) 


Figure  St,  Stotlc  Directional  Stability 


1 5/1 

0 

1 

•H 

K 

S 

Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  tell 

?*dal  Position  Stick  Position  Stick  Position  Anglos 

n.  from  Noutrol  in.  fron  Noutml  in.  froai  Neutral  (deg) 

ft  Rigltt  Aft  Pud  Left  Right  Naso  Up  and  tig 


74 


Figure  £0.  Static  Oiroctional  Stability 


Longitudinal  Cyclic  Lataral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Anglos 

n.  fron  Neutral  in.  fron  Neutral  in.  froa  Neutral  (deg) 

ft  Right  Aft  Fud  Left  Right  Nos#  Up  and  Right 


HH-S3C  USAF  S/N  67*14993 


Flight  Avg  GW  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Condition  (lb)  (in.)  (ft)  (*C)  (rpa)  AFCS  ICCAS 

Level  41,000  352  13,000  -6  185  ON  74 

Flight 

)  Pitch 


Figure^/.  Static  Directional  Stability 


79 


Longitudinal  Cyclic  Lataral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

in.  fro*  Neutral  in.  fron  Neutral  in.  fron  Neutral  (deg) 

Left  Right  Aft  Fwd  Left  Right  Nose  Up  and  Right 


HH-53C  USAF  S/N  67*14993 


Flight  Avg  CM  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Condition  (lb)  (in.)  (ft)  (#C)  (rpn)  AFCS  KCAS 

Level  41,000  352  13,000  -6  185  ON  53 

Flight 


O  Pitch 


30  20  10  0  10  20  30 

Left  Angle  of  Sideslip  (deg)  Right 


76 


Figure  Static  Directional  Stability 


Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

in.  froai  Neutral  in.  free  Neutral  in.  froa  Neutral  (deg) 

Left  Right  Aft  Pud  Left  Right  Nose  Up  and  Right 


HH-53C  USAF  S/N  67-14993 

Flight  Avg  GV  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Condition  (lb)  (in.)  (ft)  (*C)  (rpn)  AFCS  KCAS 

Climb  41,000  352  6,000  -5  185  ON  87 

.  O  Pitch 


30  20  10  0  10  20  30 

Left  Angle  of  Sideslip  (deg)  Right 


Figure  63.  Static  Directional  Stability 


71 


Longitudinal  Cyclic  Lataral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

n.  fron  Neutral  in.  fron  Neutral  in.  fren  Neutral  (deg) 

ft  Right  Aft  Fud  Left  Right  Nose  Up  and  Rigj 


HH-53C  USAF  S/N  67*14993 


Flight 

ConditU 

Partial 

Power 

Descent 


Avg  GN  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
(lb)  (in.)  (ft)  (*C)  (rpa)  AFCS  tCAS 

41,000  352  5,000  5  185  0M  130 

O  pitch 
°  Roll 


Lateral  Stick  Travel  4.75 
Inches  From  Neutral 


Longitudinal  Stick  Travel 
6.4  Inches  From  Neutral 


J  1C 


Pedal  Travel  ^.9  Inches  From  Neutral 


10  0  10 

Angle  of  Sideslip  (deg) 


30 

Right 


Figure  dtf  Static  Directional  Stability 


Longitudinal  Cyclic  Lateral  Cyclic  Pitch  and  Roll 

Pedal  Position  Stick  Position  Stick  Position  Angles 

in.  froa  Neutral  in.  froa  Neutral  in.  froa  Neutral  (deg) 

Left  Right  Aft  Fwd  Left  Right  Nose  Up  and  Right 


HH-S3C  USAJ-  S/N  67-14993 


Flight  Avg  GW  Avg  eg  Avg  Press.  Alt  Avg  FAT  Rotor  Speed 
Condition  (lb)  (in.)  (ft)  CC)  (rpn)  AFCS  ICCAS 

Auto-  41,000  352  5,500  6  185  ON  74 

Rotation 


O  Pitch 
□  Roll 


Figure  65?  Static  Directional  Stability 


71 


-53C  U8AF  8/1  67-1^993 
Oroao  Weight  ■  41,000  lbs. 
FraMiufo  Altitudo  •  >120  Ft. 
Ftm  Mr  ftaporaturo  -  0*0 
eg  Location  ■  326 


Ktfr,ooo^'^' 


0 


10 


50 


Flgura  6  7. 


20  30  W 

from  AlrtpMd  (kt) 


Control  Position  la  Iteaxvard  Flight  |) 


HH-53C 


FLIGHT 


ROTOR  SPEED 
(RPrt) 

185 


(LBS) 


ELftPSEO  TIME 


SECONDS 


3. Longitudinal  pulse 


Ml  REACTION 


FIGURE 


ertOi  mttu-.se 


ELAPSED 


SECONDS 


LATERAL  pulse 


REACTION  TO  A 


RIGHT 


FIGURE  TO. 


Hf5 

■m 

in 

Ti! 

TB 

Jr 

HH-53C  USAF  6T-U393 
AVG.RlT  RVG  FAT  R07DR  SPEED 
(FD  (DEG  C)  (RPM) 

3DQ  IQ  1 8  5 


FLIGHT 


flVG  GW  RVG  CG 
(LRS)  UN) 

3100C  321 


ELAPSED  TIME  -  SECONDS 


REACTION  TO  A  RIGHT  LATERAL  PULSE 


FIGURE  71. 


i  -J# 

4 

ROTOR  SPEED 


RVG  RtT 


31000 


PITCH  FCCEC  -  Ota/ SCC'  PITCH  RATE  OtU/  SEC  PITCH  HIIIIUCE 


HH- b  3  C 

USHF  6? 

H933 

FLIGHT 

HVG  GW 

HVG  CG 

HVG  HI! 

HVG  FHI 

ROTOR  SPEED 

HFCS 

CONtl 

(LHS) 

(IN) 

(F  !  ) 

(UFG  C) 

( RI'M  > 

COND 

HOV  IGF 

3  10  0  0 

J2  8 

J00 

It) 

1  8  S 

ON 

a 

a 


•40 

LP 

iO 

0 

a  M0 

M! 

-VO 

U4  20 

8 

in 

-40 

i:  o 

UJ  *4 
n 

h- 

»- 

,  M| 

1  -JO 

y  20 

d 

§  -40 

tc  o 

0- 

►— 

•40 

1  -20 

UP 

i 

to 

*  -40 

0 

a  mo 

ui 

3  «r 

-JO 

8  20 

1 

U 

-40 

w  0 

ui  *40 

IT) 

4- 

s 

3  RT 

c  -JO 

a  20 

d 

i 

3  -4  o 

a;  0 

F— 

c 

•40 

*  -JO 

UP 

i 

20 

*"  -40 

* 

u 

0 

/  a  MOj 

3  RT 

-JO 

a  2° 

i 

•< 

-40 

_l  0 

a  *40, 

a 

a  RT 

a  -jo 

a  20 

o  -40 

i 

.  0 

K 

g 

§  -JO 

13  2.0 

i  -40 

£  »-5| 

ii)  1  0| 

a 

J  0  SI 
8  o  O' 


> 


~l_/ 


0  l  J  3  1  9 

ELRPSEQ  rinE  -  SECONDS 


I 


FIGURE  73  REACT [ON  TO  A  LEFT  DIRECTIONAL  PULSE 


IT 


m:  r 

Fl 

IGH1 

•L 

1  ~rT  j"  !  _ 

RVG  GW 

t  i  -  r  -j 

flVU  c 

G 

HH-S 

HVG 

1C 

ALT 

USf 

R 

v  ir 

JD  FRT 

-1 

4)93 

ROTOR 

SPEED  RFLS 

'  n 
U: 

t 

CL 

QND 

I2KCAS 

(LBS) 

31000 

(IN) 

352 

tpr 

tSOQ 

) 

D 

(DEG 

-5 

C) 

1 

(RPM) 

IIS 

COND 

ON 

H 

a 

7  ** 

,  »• 

• 

- 

3 . 

H 

H 

a  40 
?  " 

5 

? " 

rt 

•— 

rq 

ft. 

M  * 

3 

C  nn 

a  ” 

7  " 

.  4—  f  —)■ 

1 

y  ^ 

i ; 

i 

-4  ^ 

=  -»• 

i 

0  M 
•  . 

_ _ _ 

g 

£ 

i 

i  3 

5 

B 

r 

ri  a*. 

H 

*T 

• 

U 

* 

a  Rr 

i  i 

,:.J 

3  ™ 

i 

i  9 

— , — | 

a  4*. 

! 

i  ^ 

a  41 

X.  ip 

■ 

j  rj 

g  n 

ILLY'..'; 

. 

a  « 

• 

A 

An 

:  r" 

r 

■  ,  ' 

j 

T  ‘ 

yv 

V\ 

A  A 

•  i  - 

— 

M 

/A  W' 

AS 

yN 

A 

s 

□ 

a  s 

A 

v  V 

« "** 

3  *■ 

• 

1 

h 

il/ 

r\A  / 

y  A 

_v ;. 

T  — 

y  W 

d  9 

I 

a  •««, 

v^V 

vU 

V 

w 

...  I. . 

r 

— 

u_ 

r-r- 

• — f-: 

* 

i 

1 

r. 

— j~ 

-  i  — 

■ 

:r  j  . 

- 

- 

-4- 
.:  • _ 

M 

! 

— 

j  L  .L 

_4_ 

-h- 

— jJa. 

4r 

■ 

—I - 

;  • 

r-|— 

-  r- 

1 

|  wJ 

\  i 

»vv- 

..... 

-1  XL 

r- 

.. 

■ 

.ill 

f  ' 

! 

r 

j 

;  i-f-- 

i- 

E  15 

j 

A/ 

rr  tr 

i 

: 

... 

V 

•>- 

~ 

— 

- -  - 

tn 

:  • 

1 

i 

i  It 

J  ^  ] 

■■ 

J 

3  •■* 

j  _ 

T 

• 

■ 

!r +-|  i 

g  1 

L_ 

J 

•  • 

H 

i  r  ’ -J — ]  -  ' 

— r— 

U 

|  | 

i 

5  9 

I 

r? — f* 

:  *1 

.. 

4  i  • 

fl  * 

1  -4 

_ 1  :...:  ...!.• 

? 

3  * 

■ 

i 

i 

1 

i 

1  T 

-i  .  i 

■ 

ELfl 

PS£[ 

)  r 

(n 

E 

TTr" 

os 

JZ  .  , 

....  17.1  . i  .1 

FT  '  1 

• _ L.  i  i 

r  i  i 

nfci 

FIGURE 

H 

REACTION  TO  AN  RfT  LONG ITUD INF 

.  J  i.  *  d  '  _  _ 1 ,  J  L  1:  i 

IL  PUL  SI 

■ 

“ 

4_: 

■  !.  1 

PITCH  neCEl  -  CE&/SEC*  .  pitch  rh-f  -  dec/ sex.  PITCH  RT'ITUDE. 


HH  5  3  C  USHF  S?  -H993 


FL IGHT 

HVG  GW 

HVG  CG 

HVG  HLT 

HVG  TAT 

RUT  OR  SPLEO 

HP  CS 

CQN0 

U  8S) 

(  IN) 

(FT) 

(OEu  C) 

(RPM  > 

CONO 

L'L  6TKCHS 

3  1001) 

392 

tbOQU 

9 

19b 

Qpp 

01J315ITI 
ELHPSEO  TIME  -  SECONDS 


FIGURE  IS  REACT  I ON  TO  AN  AFT  LONGITUDINAL  PULSE 


89 


HH  5  3  C  USAF  i7  14  33  3 

.FLIGHT  RVG  UN  HVG  CG  HVG  HIT  AVG  FA!  RG’UR  SPEED 

cond  (^as)  un)  if  t >  (oeu  o  (npm> 

CL  6  ?  KCRS  3  1000  352  1  5000  5  1  8  5 


4ii 

UP 

>0 

9 

-19 

-49 


a 

20 

8' 

-19 

-49 


*■ 

& 


49 

IP 

99 

9 

-19 

-491 


4. 

d 

a 

K 


40 

«n 

20 


-10 

•40 


4 

IE 


40 

«r 

20 

0 

-10 

-40 

2  0 
l  9 
l  0 
0  i 
9  0 


13 

U  4  Q| 
Q 

41 

20 


4 

i 


2rt 

40 


40 

«r 

201 


-20i 


-40' 


40! 

3  8T! 

a 

i 

14 


0 

-20 

-40 


z 

4 

1 

RT 

UJ 

2 

a 

a. 

* 

u 

0 

>- 

in 

-4 

-2 

5 

S 

-4 

I 


3  4  5 

ELAPSED  TIME  -  SECONDS 


RFCS 

COND 

ON 


38 


FIGURE  7t>  REACTION  TO  A  LEFT  LATERAL  PULSE 


i-  1 

l 

T  !  i 

HH-53C 

USRF 

ST-H993 

FLIGHT 

HVG  GW 

RVG  CG 

RVG  RLT 

RVG 

FRT  RQTQR  SPEED 

RFCS 

CONQ 

(LBS) 

UN) 

(FT) 

(OEG 

C)  (RPM) 

L'OND 

1 

CL  K2KCRS 

31000 

352 

15000 

-5 

105 

OFF 

1 "!  ! 

!  1  1 

HH-53C 

USAF 

8T-m9S3 

FLIGHT 

RVG  GW 

RVG  CG 

RVG  ALT 

RVG 

FRT  ROTOR  SPEED 

RFCS 

COND 

CL8S) 

(IN) 

(FT) 

(DEG 

C)  (RPM) 

CONID 

CL  S2KCRS 

31000 

352 

15000 

5 

185 

ON 

u>  7  o  -m 
u 


t-T-h  t’T 


ilir  n 


-i-  i.  ■  i.  1-4- L— - 1 - j —  i- 

! - i-1— 4.*- — | — 4 — I  — :  4—^-  -I—  i—  J-  i 


3  <1  t 

ELAPSED  TIME  -  SECONOS 


FIGURE  79  RERCT ION  TO  fl  LEFT  DIRECTIONAL  PULSE 


RVG  CG 
UN) 
3b2 


MH-53C  USRF  8?-m993 
RVG  RLT  RVG  FRT  ROTOR  SPEED 
(FT)  <DF_G  C)  (RPM) 

IbOQO  -b  185 


FLIGHT 

COND 

n 


RVG  GW 
(LBS) 


[S 


PITCH  ACCEL  -  Dta/StC*  PITCH  RATE.  *  Otii/SEC  PITCH  ATT  I  TOOL 


HH-53C  USHF  6i,-W933 


flight 

HVG  GW 

HVG  CG 

HVG  HlT 

HVG  4  HT 

ROTOR-  SPEED 

MFCS 

cond 

(LBS) 

(  IN) 

(FT) 

CUFG  C) 

CRPM) 

CONO 

S  U3KCHS 

4  1000 

3  2  6 

roao 

-18  0 

180 

ON 

-j 


0  1  ?  3  4  5  (  T  » 

anpSEa  time  -  seconds 


FIGJRESO  REACH DN  TO  A  FORWARD  LONGITUDINAL  PULSE 


FLIGHT 

RVG  GW 

RVG  CG 

HH-53C 
RVG  HIT 

USRF 

RVG 

67-14993 

FRT  ROTOR  SPEED 
C)  (RPM) 

RFCS 

CONO 

(LBS) 

UN) 

(FT) 

(DEG 

COND 

LI 

F  U3KCHS 

4  1000 

321 

7000 

-18 

0  185 

OFF 

PITCH  ACCEL  -  Ota/SEL*  PITCH  RATE  -  DEO/SEC  PITCH  ATTITUDE. 


r  .  f 

HH-53C 

USAF 

87-14993 

!♦ 

FLIGHT 

RVG  (jrt 

RVG  CG 

RVG  ALT 

RVG 

FAT 

ROTOR  SPEED 

RFCS 

COND 

(lB$) 

(IN) 

(FT) 

(DEG 

C) 

(RPR) 

L0ND 

LF  1I3KCAS 

41000 

128 

7000 

-18 

0 

185 

ON 

E- 

5 


0  1  2  3  1  5  (  T  I 

ELAPSED  TIME  -  SECONOS 


FIGURE  3Z  REACTION  TO  A  RIGHT  LATERAL  PULSE 


USAF  87-14993 
five  FRT  ROTOR  SPEED 
(DEG  C)  (RPM) 

-18  0  185 


FLIGHT  RVG  GW 


OND  (LBS) 
113KCRS  41000 


ELAPSED  TIME  -  SECONOS 


FIGURES*  REACTION  TQ  fi  RIGHT  LATERAL  PULSE 


I 

8 

l  ■  t" 

C 

8 


FLIGHT  HVG  GW 
CONG  (L0S) 
LF  111KCRS  81QQU 


HH-53C  U3AF  47-14993 
HVG  CG  RVG  HLT  HVG  FHT  ROTOR  SPEED 


o 

-oo 

-88 


88 

J> 

28 

a 

-*e 

-88 


a 


7 

I- 


-88* 


(L 


3  a 

i " 
►  0 


-aw 


-80  z 


88 

RT 

20 


3  “®1 

RT 
20 

0 

-«o 

-80 


a 


80 

RT 

20 

0 

-00 

-80 


19  2  0 
U 

£  15 

ij  i  o 

j  8  S 

goo 


*  -80) 

i 

*  -80* 


«  »n 

a  Rv 

a  sol 

I 

Itf 

S  ^0 

I  J 


y  ^9j 

3  RT 

a  *° 

i 

,  0 
a  -20 
?  -80 


(IN) 

328 


(FT) 

70UU 


(DEG  C) 

-18  0 


external  tanks  full 


— .  .. 


; :  1 :  J  u 


4-  -] — r  .4- 

i  l  M 


(RPM) 

IBS 


RFCS 

COND 

ON 


r— f- 


8 

RT 

2 

0 

-2 


* 

s 

0 

1 

2  18  9  1  T  1 

~r 


91 


FIGURE  9i  REACTION  TO  fl  WIGHT  DIRECTIONAL  PULSE 


PITCH  ACCEL  -  DEG/ SEC*  PITCH  IWTE  -  DEG/ SEC  PITCH  ATTITUDE 


O  V) 


PITCH.  ACCEL  -  0EG7SEC'  PITCH  RHTE  -  DEfi/SEC  PITCH  PTTinXE 


HH-53C  USRF  8i,'m993 


FLIGHT 

HVG  bw 

HVG  CG 

RYG  RlT 

RVG  FRT 

ROTOR  SPEED 

RFCS 

CUNQ 

(LBS) 

( IN) 

(FT) 

(DEG  C) 

(RPR; 

LUND 

HOV  IGE 

3  1000 

35? 

300 

10 

185 

OFF 

0I23H9IT  t 

ELAPSED  TIME  -  SECONOS 


r 

El 

.  '  1  i  1 

FLIGHT 

!  •  m 

HVG  GU 

HVG  CG 

HH-53C 
HVb  HLT 

USRF  87-H993 

RVG  FRT  ROTOR  SPEtO 

RFCS 

CONQ 

(LBS) 

UN) 

(FT) 

(DEG  C) 

(RPM) 

LC1ND 

L  - 

HOY  LGE 

3  1000 

35? 

3DQ 

10 

185 

OFF 

ROTOR  SPEED 
<RPM) 


FLIGHT  RVG  GW  HVG  CG. 
CUND  (LBS)  UN) 


TIME  -  SECQNOS 


ELAPSED 


fO  REACT l ON  TO  fl  LEFT  LATERAL 


rj: 

"i'ETT 

- 

& 

8 

’••l 

. 

Lr 

BA 

d 

*• 

2 

ft 

i 

c 

W 

£ 

2 

f  J 

PITCH  nCCEl.  1  OES/SEC'  P'TCM  RHTE  -  CES/SEC  PITCH  fiTTITIXE 


HH-53C  USHF  ST-14993 


FLtGHT 

AVG  GW 

AVG  CG 

AVG  ALT 

RVG  FAT 

ROTOR  SPEED 

AFLS 

COND 

(LBS) 

<  IN) 

(FT) 

(DEG  C) 

(RPA) 

COND 

HOV  IGt 

3  1 0  Q  0 

352 

3  Q  0 

10 

185 

OFF 

5 


o  l  2  )  4  :  (  r  i 

ELAPSED  TIME  -  SECONOS 


FIGURE  U  REACTION  TO  fl  LEFT  LATERAL  STEP 


115 


"ITCH 


ROTOR  SPEED 
(RPH; 

185 


(LQS) 


SECONDS 


. 

i  lit 

V)  ft 

!  * 

E 

H  ft 

_ J 

rr 

y  ™ 

P 

VI  a 

nrfr 

.  , 

r~  ■ 

5 

1 

i 

l 

3  4 

ELAPSED  TIME  - 

.  .  - 

_ ! _ L  '  I_  L.  i . 

. 

FIGURE  U. 

REACTION 

'0  A 

RIGHT  LATERAL  STEP 

m 

1  f  T 

; 

Li. 

HH-53C  USAF  8P-H933 


FLIGHT 

HVG  GH 

HVu  CG 

AVb  HLT 

flVG  TAT 

ROTOR  SPEED 

APES 

CQNO 

(LBS) 

UN) 

(FT) 

(DEG  C) 

(RPH) 

CONO 

HOV  IGt 

3  1000 

352 

300 

10 

185 

OTP 

0  l  i  3  1  J  I  T  I 

ELAPSED  TIME  -  SECOMQS 


FIGURE  M  REACTION  TO  A  RIGHT  LATERAL  STEP 


107 


HM  *)JC  UVlE  fir1  I'HIJ 


ei  ii.nr 

H  / 1.  .) r\ 

HVl.  Ll. 

HEb  HlT 

R/b  ERT 

RrjfGR  SREt'l 

RF  CS 

L'tlNU 

<  IS) 

i  IN) 

(E  (  j 

•DEG  L ) 

( REM  , 

C  DNU 

MOV  IGk 

1  oou 

IV 

IUU 

1U 

l  «  S 

ON 

•<0 

o 

L»-j 

• 

d 

JO 

h 

0 

£ 

^0 

H* 

*1 

It 

5 

<6 

UJ 

g 

h0 

h- 

0 

n 

•iO 

a 

E 

E- 

kf| 

d 

20 

20t 

d 

Jj 

3 

^0 

« 

uj 

HO- 

h 

iT 

2  oj 

ul 

N 

1 

P 

£ 

a- 

H 

201 

-.o* 

I 


OJ 

0 

3 

HQ 

tr 

V 

J 

fc 

■in 

d 

201 

5 

U 

-HU 

0 

3 

H0 

IL 

CC 

in 

-H 

tl 

ST 

£ 

-201 

a 

20 

J 

a 

a 

aJ 

0 

•i 

a. 

3  J' 

l 

n  *® 

*■  -H0 

i 

M 

J  0 

y  ho 

d 

u 

ul 

3  ST 

S  -20 

ti  *® 

r 

, 

•i 

,  0 

al  H0 

ul  J 

U 

L 

3  RTl 

y  -20 

H  20 

j 

, 

s 

J  0 

3 

u 

2 

J  2  0 

1  -HO 

u 


^  l  o 

a 


0  i  2  3  *»  5  6  r 

EL.flPStO  Tint  SECONDS 


108 


F  :  r,  JRt  ?y  RERCflGN  TO  R  LEFT  DIRECT  I ONRL  STED 


pitch  arm  -  Dtu/stc*  pitch  rate  -  oes/sec  pitch  pttitixe 


HH-!>3C  USHF  8T-M993 


FLIGHT 

RVG  bW 

AVG  CG 

AVG  RlT 

AVG  FAT 

ROTOR  SPEED 

AFCS 

COND 

(LBS) 

( IN) 

(FT) 

(DEG  C) 

(RPM) 

CONO 

HOY  IGE 

3  1000 

353 

300 

10 

185 

OFF 

I  12  3  1  9  (  T  I 

ELAPSED  TIME  -  SECONDS 


FIGURE  ?S.  REACTION  TO  fl  LEFT  DIRECTIONAL  STEP 


101 


USP  8T-14993 

f.VG  FAT  ROTOR  SPEED  fTFCS 
(DEG  C)  (RPM)  COND 

10  185  ON 


FLIGHT  RVG  GW 
COND  (LBS) 
HOV  1GE  31000 


ELAPSED  TIME  -  SECONDS 


RIGHT  DIRECTIONAL  STEP 


REACTION 


FIGURE  ?6 


J 

. 

l  ,  -y  -  1 

rrl 

. 

i 

■Li 

— -* 

4--~ 

i-  i 

r 

i  \ 

\  r 

HH-53C  USflF  ST  m993 


RVG  GW 

RVG  CG 

RVG  RLT 

RVG  FRT 

ROTOR  SPEED 

RFCS 

(LBS) 

V  IN) 

(FT) 

(DEG  C) 

<RPM) 

CONO 

3  1000 

352 

300 

10 

185 

OFF 

0  12  3  9  9  17  1 

ELAPSED  TIME  -  SECONOS 


FIGURE  n  RERCTION  TO  fl  RIGHT  DIRECTIONAL  STEP 


111 


§ 

1 

3 

I  icuT  K ?  —  1  U  9 9  1 

FLCGHI  RVG  GW  RVG  CG  RVG  RLT  RVG  FRT  ROTOR  SPEED  RFCS 


COND  (LBS) 
HO V  IGF  1 1000 


(DEG  C) 
10 


(RPM) 

186 


ill 

•5  d* 

«  *• 


1 

b  3  sr 

y  -n  g  20 

M  '  0 


j 

i  * 


fetHi 

mit 


-r!  *  -  !  i  ■  :  I 


V  r 


3 

i.  1 

• 

<\r 

H 

-i 

8 

* 

-?( 

l 

W  A. 

>v  /* 

^v> 

jX/ 

/'Aa- 

jj 

3 

. 

•  1 

2 

1  4  s  1  r  t 

ELflPSEO  TIME  -  SECONDS 

FIGURE  9f  REACTION  TO  A  FORWARD  LONGITUDINAL  STEP 


MH-53C  USHF  «?-H933 


FLIGHT 

BVG  GU 

HVG  CG 

fiVG  HIT 

RVG  FRT 

ROTOR  SPEED 

MFCS 

CGNQ 

CL  BS  > 

UN) 

(FT) 

(DF.G  C) 

(RPM ) 

CONU 

HOV  IGE 

3  1000 

321 

300 

10 

185 

On 

FLIGHT 


RVG  RLT  RVS  FRT  RQTDR  .SPEED 


ELAPSED  Tint 


SECONDS 


FIGURE  W 


REACTION  TO  AN  AFT  LONGITUDINAL  STEP 


116 


FIGURE  REACT  I DN  IQ  A  1  EF T  LAT^RRI  STEP 


PITCH  ACCEL  -  DEO/SEC*  PITCH  RATE  -  □EtL'SfX  PITCH.  ATT  ITUOE 


ir-m993 


ROTOR  SPEED 
<RPM) 

185 


RFCS 

L'QNQ 

OFF 


<LBS) 


TIME  -  SECONDS 


LEFT  LATERAL 


REACTION  TO  A 


FIGURE  /<H 


Lil 

r  i 

FLIGHT 

1 

HYG  GW 

HVQ  C 

HH-S3C  USHF  6?-lit)93 


PLIGHT 

RVG  GW 

HVG  CG 

HVG  HI  I 

HVG  EH  I 

RUT  OR  SPEED 

RFCS 

CQNU 

(LBS ) 

(IN) 

(ED 

(OEG  C) 

( RPM ) 

L'OND 

HQV  lOt 

3  100  0 

328 

300 

It) 

185 

ON 

►- 

"i 


0  12  3  19  6  7 

ELAPSED  TIME  -  SECONDS 


U8 


FIGJRE  /Oi  REACTION  TO  fl  RIGHT  LRTERRL  STEP 


pitch  jrrn  -  ate/ see*  pitch  rbte.  -  oesvsec  pitch  attitude 


FL I GH  T  HVG  Gk 
CQNQ  (LBS) 
MOV  IGF.  3  1  0 1) U 


§ 

i 


40 

i>‘ 

10 


HH-i  3  C  USHF  tii’-i'mS 
HVu  CG  HVG  HL I  HVD  FBI  ROTOR  SPEED 
(IN)  ' F  r )  (DFu  C)  (RPM ) 

3 .  K  3  Q I)  10  1 B  b 


0 

d  40 
,  •» 

-20 

u  2» 

9 

ID 

-tO 

L  o 

ui  <40 

Q  j 

►— 

I- 

HI 

1 

«  -20 

y  20 

J 

$ 

2  -40 

L  o 

H 

F- 

40 

c  -20 

IP 

i 

20 

”  -40 

0 

$  R0 
a  Rr 

-20 

^  20 

i 

U 

HI 

Ui  » 

Si  « 

£  -20 

3  RT 

a  *« 

§  HO 

i 

Ui  » 

®  -20 

40 

IP 

I 

20 

(J 

*•  HO 

0 

a  R0 

a  R^ 

-20 

a  *# 

i 

u 

a  ““I 

3  RT 

HO 

1  0 
S 

r 

S  -20 

a  20 

J 

\ 

i  ^ 

A  ° 
5  -20 

UI  2  0 

1  HO 

u 


^  l  0 
£ 

j  1.5 

g  0  0 

£  M 

I  RI 

g  ? 

(L 

a  ° 

H 

v>  -j 

i 

5  h 

5 


I 


0  1  2  3  4  S  5 

ELAPSED  TIME  -  SECONDS 


HFLS 

CONG 

OFF 


?  0 


J 


FIGURE  'OS  REACTION  TO  A  RIGHT  LATERAL  STEP 


US 


HH-53C  USHF  87-14333 


FLIGHT 

HVG  GW 

HVG  CG 

HVG  BL  T 

HVG  ERl 

HOT  OR  SPEED 

RFCS 

CONO 

(LBS) 

llN) 

(FT) 

(QEG  C) 

(RPH) 

COND 

HOV  IGF 

3  1000 

3  2  S 

300 

10 

185 

ON 

3 


c  -«t| 

s 

M  “^0 

(L 


a  ^ 
H  19 

a 

®  -a#i 
5 

5  -mo* 


1 


8  ** 

#! 

u  90 

9 

£  Oi 

H 

fe 

*  -JO 

8  -mo1 


£  15 


t  0 
0  5 
0  fi 


3  ')0) 

3  *r 
M  20 

i  I 

^  JO 

d  i 

§  -MO1 


13 

U3  40 

a 

«r 

3  f° 

«  o 

1  -JO 

i 

”  -MO 


u 

jj,  MO 
Rr 
20 

0 


40 

£ 

-JO 

UP 

i 

10 

>* 

-40 

«* 

0 

ijj 

HI ) 

■3 

Rr 

-JO 

20 

1 

M 

-MO 

0 

3 

40] 

M 

*N 

RT 

i 

-JO 

3 

20 

-40 

-i 

0 

2 

a 

g 

-20 

j 

u» 

2  0 

>- 

-40 

(-"  - 
U 


4 

RT 

2 

0 

-j 

-4 


0 


l 


2  3  4  8  0  7  1 

ELAPSED  HUE  -  SECONOS 


i 


1 


- 1 


1 


121 


FIGURE  /<?£.  REACT  ION  TO  A  LEFT  DIRECTIONAL  STEP 


RVG  GH 
(LBS) 

3  1000 


HH-53C  USAF  6?  H9S3 
RVG  CG  RVG  ALT  RVG  FRT  ROTOR  SPEED 
(IN)  (FT)  (DEG  C)  (RPM) 

321  3  Q  Q  10  185 


RFLS 

COND 

OFF 


FIGURED  REACTION  TO  A  LEFT .  DIRECTIONAL  STEP 


121 


HHrS3C  USRF  8T-HS93 


FLIGHT  RVG  GW  RVG  CG  RVG  RLT  RVG  FRT  ROTOR  SPEED  RFCS 
CONO  (LBS)  UN)  (pH  (DEG  C)  <RPM)  CONO 
HGV  (Gt  HOQO  121  30tt  IQ  185  ON 


ELAPSED  riME  -  SECONDS 

Wt±±  ! 

FIGURE  AM  REACTION  to  R  RIGHT  DIRECTIONAL  STEP 

122 


HH-53C  USRF  S?-H9S3 


FLltiHI  FlVG  GW  RYG  CG  RVG  HIT  RVG  FRY  ROTOR  SPUD  MFCS 
CONQ  (LBS)  UN)  (fD  (Of  G  O  (RPM )  CQND 

HOY  IGt  31000  328  3D0  10  165  OFF 


HH-5JC  USAF  S/N  67-14993 


Avg  Prill.  Alt  Avg  FAT 


Flight 

Condition 

llover 


Rotor  Spood 


lloverr 


Displacement 


Longitudinal 


Control 


Controllability 


Figure  fid.  Longitudinal 


Trim  A/S 

(kt) 

0 

0 

i 

iiuj 

i  -  i  1 , .  IT] 

Hi 

t  Ha 

\ 

1 

(ft) 

CO 

(3? 

AFCS 

300 

10 

ON 

300 

IP 

lfS 

OFF 

2 

1 

0 

1  \ 

2 

□ 

3 

0 

T!H 

iii 

2 

i 

s 

13 

f 

i  ° 

'  i 

5 

t 

s 

[ 

m 

8  3 

a  4L_ 

Af 

HH-S3C  USAP  S/N  67-14993 


Flight 

Avg  UK 

eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Tria  A/S 

Sym 

Condition 

(lb) 

(in.) 

(ft) 

(*C) 

(rpn) 

AFQS 

(kt) 

0 

Hover 

31.000 

328 

300 

10 

188 

oh 

0 

a 

Hover 

31,000 

328 

300 

10 

18S 

OFF 

0 

3  2  10  12  3 

Uft  Right 

Lateral  Control  Displaceaent  fro*  Tria  (in.) 


i 

l 

a 

Figure///.  Lateral  Controllability 


12S 


HH-53C  USAF  S/N  67-14993 


Flight 

Avg  GW 

eg 

Avg  Pre*s.  Alt 

Avg  FAT 

Rotor  Speed 

Trim  A/S 

Sy» 

Condition 

(lb) 

(in.) 

(ft) 

(°C) 

(rpm) 

AFCS 

(kt) 

O 

Mover' 

31(000 

328 

300 

10 

189 

ON 

0 

□ 

llovar 

31,000 

328 

300 

10 

18S 

OFF 

0 

t 


Figure//*-  Directional  Controllability 


eg  Avg  Press.  Alt  Avg  PAT  Rotor  Spood 

(in.)  (ft)  (#C)  (roe) 

3S2  300  10  185 

3S2  300  10  185 


Plight 

Condition 

Hover 

Hover 


Control  Displsceaent  from  Trie' (in.) 


Longitudinal 


Longitudinal  Controllability 


Figure AA 


"©■ 

HH-53C  USAF  S/N  67-14991 


Flight 

Avg  GW 

eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Tria  A/S 

Sym 

Condition 

(lb) 

(in.) 

(ft) 

CC) 

(rp«) 

afcs 

(kt) 

0 

Hover 

31.000 

3S2 

300 

10 

18S 

ON 

0 

0 

Hover 

31.000 

352 

300 

10 

US 

OFF 

0 

3  2  1  0  12  3 

Left  Right 

Lateral  Control  Oisplaceaent  frca  Tria  (in.) 


i 


121 


Figure  !(4,  Lateral  Controllability 


ITT  fn  HTT 

in  r  * r ''  ■ 

Flight 

HH-33G.  USAF  8/K  67-14993 

Avg  GW 

eg 

Avg  Pre««. 

Alt  Avg  FAT 

Rotor  Speed 

Tria 

,  A/S 

Sjm 

Condition 

i  (lb) 

(in 

.)  (ft) 

<°c) 

(rp«) 

AFCS 

(kt) 

■  '*[*■' 

0 

-  .f  .. 

Hovor 

31,000 

353 

1  300 

10 

185 

ON 

o 

• 

o 

Hovor 

1 

31,000 

352 

300 

10 

185 

OPP 

0 

i 

F 

FLIGHT  RVG  GW 
CONI  ,<LB$> 
CL  S2KCAS  31000 


HH-53C  USHF  ST-14993 

HVG  CG  AYG  ALT  AVG  FAT  ROTOR  SPEED  RPCS 
<  fN)  (FD  <nFG  C)  <RPM>  COND 

340  15000  IS  $  185  ON 


4ft 

UF 

>0 

I 

-00 

-40 


a  “"I 
,  «r 
j  ,o 

5  « 

* .« 


-to1  £ 


! 

? 

5 

5 


I— 


40- 

IF 

10 

« 

-oo 

-40 

4- 


9  “5 

3  s 


-Ml 

-40* 


s 


a 


a* 

n 


-00 

-40 

I 

4- 


EE. 


1 

i  d 

J  0 

y  -oo 

-40 


(9  0  0 
U 

£  1  *1 

i 10 

1  0  5 
ft  »  o 


j.  I 

:  };■•  1 

IT 


F-T 

m 


40] 

RT 

to 


c  -to) 

i 

*"■  -40* 


1  a 

a  *° 

a  * 

*  -00 

®  -40 


a  ><i 

a 


0 

-00 

-40 


2  ni 


U5 

i 

i 

b 


0 

-0 


!  i 

n 

1 

t  J  4  8 

ELflPSEfl  TIME  SECONDS 


110 


FIGURE  //6.  REACTION  ^  Ff  FORWARD  L,ONGITUOINAL  S^EP 


f  tarn 

CUND 

CL  62KCRS 


HVG  GW 
(LBS) 

3  1000 


i! 


**« 
IF 

19 

S  . 

*-9  w 

H 

M 

*  -19 

I  J 

a, 

, 

$  '•®| 

if 

It 


9 

■19 


£ 

a. 


"*l 


r 

L  _ 

. 

9 

i 

t 

< 

U, 

1 

\ 

L_ 

t 

J 

i 

i 

a 

i 

1  -  i 

« v 

i 

E 

fc 

i  . 

| 

*1 

! 

: 

L 

1 

■ — n - 1 - - r  .  i 

<  J 

'  « 

t 

f~r  {-l- 

bd-J 


10, 

1 

10 


-io1  L; 


t 

H 

£ 


a 

i 

t 

f 

40 

Rr 

0 

-so 

4~ 

F- 

a 

i 

>• 

,1  ft 

L. 

tin 

& 

19 

or 

i 

u 

RF 

e 

99 

I 

9 

U. 

9- 

S 

iv 

t 

>•  _ a!  A 

U 

" 

_l_l 


0 

-so 

-10 


*»  S  Oi 

u 

S  i-sl 


10 
9  5 
1.0 


8 

3  sr’ 

i  >o 

i 

,  9 

8  -19 
i  -19 


TT 


ft" 

hi 


J _ 


5 

8  1 
a. 

d 

H 

tfl 


NH  5 3 C  USRF  67-14993 

RVG  CG  fl\/G  ALT'  '  RVG  FflT  ROTOR  S^E-tj  RFCS 


(IN) 

34  0 


(FT) 

15000 


(DEG  C) 
-16  5 


(RPR) 

185 


COND 

ON 


^  - 


RHiPii 


..L.:  J. 


_J _ i. 


t 


I  J  1  5 

ELAPSED  TIME  -  SECONDS 


Ff  T“ 


FIGURE  fit  REACTION  TO  RN  RFT  LONGITUDINAL  STEP 

'  }  }  :•  i:  t  i  ■  i  I  ..  i  .» 


Ill 


HH  53C  USHF  6  7  11993 


FtluHI 

RVG  uW 

AVG  CG 

RVG  Av-T 

RVG  FflT 

ROTOR  SPEED 

RFCS 

CONG 

(Las ) 

(IN) 

(FT) 

(DEG  C> 

<RPM) 

CONQ 

CL  62KCAS 

31000 

340 

15000 

-16  5 

1 8  5 

ON 

■> 

1- 


012395«r« 

ELAPSED  TIME  -  SECONOS 

I  I 

FIGURE/**  REACTION  TO  LEFT  LATERAL  STEP 

132 


f- 

. 

flight 

: 

rr 

CONQ 

u 

Cl 

L  «*KCfl 

g 

i 

1 14. 

8 

03 

LiL' 

to 

r 

i 

• 

fi 

C 

i 

A 

if 

to. 

2  ’ 

8 

to 

or 

► 

B 

1 

i 

y 

Ur 

£ 

J 

j 

0 

M 

t- 

»- 

s 

A  A 

jj 

;  -to 

a 

L 

U  A 

5 

Cf 

u 

i 

Lf* 

to 

! 

i 

A 

1 

Li  A. 

^ _ 

i 

| 

• 

AA 

b 

g 

" 

1  OA 

a 

* 

■w 

E 

to 

f~ 

t 

■to 

u 

0 

HVG  GW 
(LBS) 


flVG  CG 
(IN) 
34 1 


HH-S3t 

five  hit 

(FD 

15000 


Lt 


8 

m 


Iff 


mi 


S 

J 

3 

as 

§ 

i 

►' 

rj 

L - 

& 

i 

8 

. 

i 

::  ~ 

1 

1 

B 

F 

-«9 

HO 


to. 

*t 

to 

*-  0 

H 

H 

*  -fO 

i  J 


8  a 


i 

* 


-to* 


0 

-*Q 

-to 


3  15 


t  5 
t.O 

0.5 

10 


a 


-to 


-to* 


:  J 


•t- 


USHF  ET-H333 
flVG  FAT 
(DEG  C> 

-It  5 


ROTOR  SPEED 
(RPM) 

115 


40] 

mr 

in 

/ 

V 

V 

r 

1—  - 


ELflPSEQ  TIME  -  SECONOS 


FIGURED  REACTION  TO  A  RIGHT  LATERAL  STEP 


MFCS 

CUND 

ON 


HH-53C 

USHF  ST-H993 

FLtoHT 

fWG  GW 

flVG  ( 

:g 

fiVG  ,flvT 

flVG  Ffil  ROTOR  SPEED 

RFCS 

ri 

' 

CCND 

(LBS) 

(IN! 

1 

(FT) 

(DEG  C)  (RPM) 

COND 

CL  S2KCHS 

3  1000 

3  4  C 

1 

15000 

-16.5  185 

ON 

FLIGHT 
COND 

a  6*KCRS 


if 


flvG  GW 

(LBS) 

31090 


MOi 
UP 

9  " 
1  ' 
*  -10 
6 

S  -<d 

•? 


u 


I 


MO 

Rr 

JO 


J 

-00 


£ 

I  -- 


t  «i 

M 

*  -JO 
i  -MO 


Sj  ““I 

3 : 


g 

£ 


■ 


h 


0 

-jo 

-MO 


y  *o 
■  ■ 

3 ,J 

o— 

0— « 

*  -JO 

I 

~  -40 


8  ;°j 
§  « 


a. 


0 

-jo 

-MO 

J-  I- 


I 

£ 

2 


o 

-JO 

-MO 


8 


RT 

JO 

0 

-JO 

-MO* 


M- 


I 


i»  1.0, 

u 

£  ‘*1 


! 


T 


10 
t  5 
I  0 


8  3 

i  »• 

i 

i  -JO 

1 J 


5  J 

g 


i  IF  ]  - 

AVG  CG 
(IN) 
340 


HH-53C  USHF  07-14933 
flVG  ALT  AVG  FAT  RQTQR  SPEED  RFCS 
(FT)  (DEG  C)  (RP1)  COND 

15000  -IE  5  185  ON 


JIMS 
ELAPSED  TIME  -  SECONOS 


FIGURE  M  REACTION  TO  RIGHT  DIRECTIONAL  STEP 


HH  5  3  C  USHF  6?  N9  93 


FLluHT 

mVo  GW 

HVG  CG 

Hv'G  HIT 

HVG  FHT 

ROTOR  SPEED 

MFCS 

CONG 

<LUS> 

( IN) 

(FT) 

(□EG  C) 

(RPM) 

LUNG 

AUTO  ? 2 KCHS 

3  LOGO 

340 

1  *3000 

ie  5 

185 

ON 

nr  T 

il,:L  L  , 

pT  n  i 

b;,  , 

F 

LIGH1 

RVG 

GU 

err? [ 

COND 

(lBS) 

HO  TO 

T2KCRS 

3 

ii 

)00 

Mir' 

H: 

it 

a 

.  m 

k  i 

uF 

AA 

H 

K 

A 

u 

lift 

• 

H 

• 

1 

or 

* 

jU 

1C  1 

1A 

t 

*v 

9 

H9 

c 

L 

.1  A 

£ 

H 

s 

or 

Aft 

>• 

a 

J)A 

J# 

«v 

i 

{ 

,w 

e 

! 

£ 

1 

A 

a 

ut 

9 

h 

k 

a 

$ 

3 

a 

a 

> 

-4  A1 

a 

i' 

L_:  t _  l  .  A 

L 

aft, 

r 

JU. 

0 

N 

ti 

u 

HO 

SI 

Aft 

«V| 

X 

ff 

Iv 

9 

A 

L 

u 

1  JA 

M 

V 

fe 

8 

&r 

i 

L 

u, 

A* 

Aft 

c 

10 

H-4-- 

g 

A 

~ 

a 

■w 

(4 

h 

t 

r 

b{  at 

3 

a 

i 

u  > 

i 

19 

£ 

•i  A 

5  " 

ci 

■ 

■Hf* 

* 

A 

•» 

alt 

f 

b 

HO 

or 

B 

jQA 

3 

u, 

HI 

Aft 

* 

•rtf 

c 

fO 

s 

1 

Al 

i 

F— fl  - 

440 

0 

<40 

r* 

rr 

i 

9 

r 

0T 

;  H 

A 1 

r 

U 

ift 

1  1  i 

5 

* 

t 

CO 

7^' 

S 

-*8 

'I 

9 

/ 

J 

-Oft 

;:ri:  . 

I 

•f  f 

. 

IS 

t.8i 

* 

i 

HH-53C  USAF  ST-HSJ3 

flVQ  CG  flVG  HtT  RVG  FflT  ROTOR  SPEED  RFCS 
UN)  (FT)  (DEG  C)  (RPM)  COND 

3)0  15000  -IS  5  185  ON 


m 

m 

W 


i" 

i  *  * 


:  i 


■ 


is® 


2 

9  It 

■ 

I... 

►4 

ru* 

fci‘ , 

i  ^ 

A 

l-  -J 

[J" 

g 

“<L 

i — 

£ 

8  ' 

1-4 

K  -« 

\ 

_ 

— 

— 

if— 

IT 

L. ; ,, 

sM 

•ffVr 

It  ^ 

M 

35 

—r* 

~1~ 

r-n— r 

3  ^ 

“ 

Sr 

e 

1 

t 

.M.  _ 

3 

9 

S  t  T  1 

_i  . 

12’ . 

-  i  [  : 

ELAPSED 

TIM 

E  - 

SECONDS 

’1.7 

-  h 

-T 

it: 

►  IGURE  t*9. 

REACTION 

ro  a 

N  RFT 

L 

.ONGI  TUDINRL.  S 

TEP 

l£J 

111 

F  L  L  6JH  T 

HVG  uW 

HtfG  IG 

MH-53C 
RVG  na 

USHF  6 F  14333 
fWG  f  HI  ROTOR  SHfctO 

MFCS 

COND 

(t.BS ) 

(IN) 

(f  r) . 

(□LG  C> 

(RPM) 

CQN3 

flUTQ  72KCHS 

31000 

3-10 

15000 

-tfc  5 

185 

ON 

HH-53C 

FltuHl  HVG  GW  HVG  CG  HVG  ALT 
CJNQ  .(LBS)  (IN)  (FT) 
HUTQ  72KCHS  31000  3^0  15000 

•  i  -  i  I  !  ■• 


USRF  4F-HS33 
HVG  FHT  ROTOR  SPEED 
(DEG  C)  <RPH> 

-16  5  185 


RFCS 

COND 

ON 


S 

a 


a  a 


i 


<•# 

j= 

40 

-1# 

-4# 


a 

I 


9 


-4»< 


a  *i 

*  -to| 

u 


jji  ^ 

«T 
20 


« 

-20 

-40 


ijl  **®i 

AT 

to 

0 

-20 


t»  2  0 

u 

£  »* 

i" 

8  » o1 


9 

a  >i 


-20j 


-40* 


L_ 

ET 


:  A 


8 

M 

t- 

l/l 


a 

-2 


4  10 

ELHPSEQ  TIME  -  SEC0N0S 

*  I  J  I  i  ! 


FIGURE /AT  REACTION  TO  fl  RIGHT  LflTERAL  STEP 

i.  ,-l  i  i  ;  .T)t  i  I  • _ L.;,: i  1  LJ_  _j 


119 


FF-PFTT  i 

Flight  rvg.gw 
CGNU  (LBS) 
ALTO  72KCAS  31000 

§  "3 

IF 


I 

a  4 


!  ^«i 
8 


oo 

sr 

t3 


L. 

*  -?0| 


<40 

K 

.3 


-40*  L  4 

H 

®  -JO| 

I 

”  -40* 


HH-53C  USRt  67-HSS3 

flVG  CG  Av'G  AlT  flVG  FAT  ROTOR  SPEED  AFCS 
( IN)  (FT)  (DEG  C)  (RPR)  CONO 

340  15000  -16  $  185  ON 


nrrft 


S  i® 

a  *T 

s  10 

i 

«  3 

5  jjo 

I 

*  -40 


3  "5 

a  1,1 

i  io 

r 

& 

g  -7o| 

^  -40* 


0 

RT 

1 

0 

-7 

-4 


~T~ 


-H 


-q 


J  4 

ELAPSED  TIME 


9 

SECONOS 


141 


FIGURE  /Z6  REACTION  TO  lE FT  DIRECTIONAL  STEP 


Al 

a 

||L 

a 

UF 

*4 

S 

ft 

0 

M 

H 

►4 

c 

§ 

M 

O* 

! 

■20 

-4# 

i-  1 

s 

40| 

IF 

a 

10 

[  r* 

1 

£ 

X 

0 

■20 

s 

a 

M 

0. 

•Ti 

1 

1 

f 

8  « 
9  -2 

B 

»v 

i; 

A 

d 

t 

O 

e ... 

J*  "Tv 

5 

^  U 

- 

ft* 

H 

I 

§ 

"L 

T 

H- 

^  i. 

_ L _ L 

J 

\ 

U 

.  -t 

1  ^ 
.ii.  -i 

lit*. 

[-1 

r 

T  j  j" 

pr 

i 

pr 

lVF~ 
f  ;  . 

i 

i 

Jr-;:?  _  l-i 

rr 

lL 

FLIGHT 

CONO 


flVG  GW 
(LBS) 


3 


-'20 

-40 


3  "5 

5  s 


0 

-20 

•40 


la 


0 

-20 

-40 


t»  *  0] 

u 

S  »•» 

jj  l° 

r 

g  0  0 


40 

«r 

20 

o 

-20 

-40 


ti 

Rf 
10 

i 

-20 
-40 


40] 

R! 

10 


-20 

-40 


T 


*n 


AVG  CG 
(IN) 

340 


HH  53C 
AVG  AIT 
(FT) 
15000 


USAF  ST-  14333 


-«-Aa/'AaAA- 


Mr 


AVG  FAT 
(DEG  C) 

-IS  5 


ROTOR  SPEED 
(RPM) 

IBS 


lit 


ELAPSED  TIME  -  SECONDS 

FIGURE  REACTION  TO  RIGHT  DIRECTIONAL  STEP 


AFCS 

COND 

ON 


USAF  S/N 
.  Alt 


Fwd 


Flight 

Sym  Condition 
C  Clinb 
□  Auto 
Rotation 


Rotor  Spood 

(rp»> 


AFCS 

ON 

ON 


Trln  A/S 

W 

72 


XO 

□ 

TH. 

X 

i 

s 

l  ] 

C 

>  1 

2 

, 

Aft 

L 

ongitudinil  Control  Displacenent  froa  Trln  (in.) 

Figura 

/Id  Longitudinal 

Controllability 

USAF  S/M  67-14993 

Press.  Alt  Avg  FAT 
(ft)  (°c) 

15,000  -16. S 

15,000  -16. S 


Rotor  Speed 
(rpm) 

185 

185 


Flight  Avg  GW 
Sym  Condition  (lb) 


6  Cllab 
□  Auto 
Rotation 


Control  Displacement  fron  Trim 


Directional 


Directional  Controllability 


Figure  tfO. 


SB- - - 

.u*— 

3 

Righ 

kt 

1 

as 

i 

0 

ans* 

u10 

a 

20 

1 

*.10 1 
h  1 

1 

*  5 

i 

PITCH  HCCEL  -  OEG/SEC*  PITCH  RATE  -  DEG/SEC  _  PITCH  ATTITUDE 


MH  -53C  USAF  6?  -IM993 

FLIGHT  RVG  GW  RVG  CG  RVG  RLT  RVG  FRT  ROTOR  SPEED 
COND  (LBS)  (IN)  (FT)  (DEG  C)  (RPH) 

LF  113KCAS  11000  328  7000  '-16  0  185 

4fl,  EXTERNAL  TANKS  FULL 


RFCS 

COND 

ON 


0  l  2  3  1  5  «  r  l 

ELAPSED  TIME  -  SECONDS 


FIGURE  /3f.  REACTION  TO  A  FORWARD  LONGITUDINAL  STEP 


r  r 

l: 

g 

r*.1 

i  *■ 

h 

_ 

n 


hi  I  i 

H 


CQNO 


f 

ru 

a 

r 

:  AVG  uw 

AVG  CG 

HH-53C 
AVG  ALT 

USAF  57-14993 

AVG  FAT  ROTOR  SPEED 

AFCS 

<uBS) 

(IN) 

(FT) 

(DcG  C) 

<RPM) 

CONO 

AS  41000 

320 

7000 

-18  0 

185 

ON 

external  tanks  fuu 


?  h 


^rl  i  8  Ha 


5 

-4-5  -Hr  u|  0|  S  40i 

-*i  i  I  a  «•{ 


3  4  5 

ELAPSED  TIME  -  SECONDS 


FIGURE  /M  REACTION  TO  AN  AFT  LONGITUDINAL  STEP 

'  i-LJ_ lj;  i  i  •  • 


_ i 


w 


HH-53C  USRF  6T  H993 


FLIGHT 

RVG  GW 

RVG  CG 

RVG  RLT 

RVG  FRT 

ROTOR  SPEEO 

RFCS 

CONO 

<l.BS) 

(IN) 

(FT) 

(DEG  C) 

(RPM> 

COND 

LF  1 1 3  KCfiS 

«l  1000 

3  2  8 

7000 

-16  0 

185 

OFF 

HH-53C  USfiF  6?  m  993 


FLIGHT 

AVG  GH 

AVG  CG 

AVG  ALT 

AVG  FAT 

ROTOR  SPEED 

hfcs 

COND 

(LBS) 

(IN) 

(FT) 

(DEG  C) 

(RPM) 

COND 

lF  1 13KCAS 

1 1090 

328 

7000 

-10  0 

185 

ON 

0  12  3  1  5  I  T  I 

ELRPSED  TIME  -  SECDNOS 


m  H- 

LLLlJL 


FIGURE  REACTION  TO  A  LEFT  LATERAL  STEP 

jJJ-j., _ .  -  l  _ L-  i _ j  '  ■  -  ?  1  I 


149 


HH-53C  USAF  57  14333 


FLIGHT 

RVG  UH 

AVG  CG 

AVG  ALT 

AVG  FAT 

ROTOR  SPEED 

AFCS 

COND 

(LBS) 

(IN) 

(FT) 

(DEG  C) 

(RPM) 

COND 

LF  l 13KCRS 

41000 

321 

7000 

18  0 

185 

OFF 

FIGURE  REACTION  TO  A  LEFT  LATERAL  STEP 

151 


n~ 

FLtGHT 

RVG  GW 

RVG  CG 

HH-53C 

RVG  RLT 

USRF  87-1 
RVG  FRT 

4993 

ROTOR  SPEED  RFCS 

Li 

Lf 

COf* 

11 

10 

3KCRS 

(LBS) 

11000 

j 

IN) 

321 

(FT)  (DEG  C) 

7000  -18  0 

EXTERNAL  TANKS  FULL 

(RPM)  COND 

185  ON 

’ 

'3 

• 

r 

S 

C 

0' 

1 

S 

*lul 

RT 

20 

9 

m  -Mr 
* 

i 

0 

20 

a 

i 

MO 

RT 

•ft 

i 

s 

t 

<£ 

1 

IV 

jj  41 

i  «■ 

|  tt 

r 

j  • 

S  -an 

5 

-MO 

0 

-20 

.1  A 

i 

a 

% 

IS 

... 

• 

HU 

RT 

i 

r~ri 

*  -20 
5 

H  -*t» 
L 

fc 

.1 

20 

o 

(J 

a 

X 

is 

ik 

;; 

_ 

e 

“WO 

1  _>l  A 

c 

A 

• 

0 

b. 

! 

-4° 

.,1  A 

fjl 

}  40r 

1 

m 

S  10 

. 

, 

i 

l 

... 

S/\/ 

_ 

*  0 

8 

dtI 

v 

—L  . 

[T 

4 

L 

RT 

ftn 

! 

rr 

c  "^0 

|  20 

r _ 

A 

i 

T 

1  tiA. 

A 

A 

, 

N  -Mf 

N» 

° 

a 

MO 

10 

-  " 

*w 

V 

L 

j 

l 

0 

1  -80 

a 

- 

i  ... 

A 

L.  t 

t  T“ 

s 

1  ^  5 

i  U 

• 

!  -ao 

....!■  .. 

•p~ 

Q 

»  2  0 

i 

■  -40 

4 

T" 

5 

E  ,s 

V  -~b- 

- 1 - 

1 

f 

ft  ■ 

i 

■  A  (1 

! 

l 

S  a 

■ 

1  ^ 

RT 

§  1 

k 

s  « 

"  -a 

j 

- r 

1  ' 

B  . 

'I*'' 

3  *4 

rr 

Ht-r;- 

5 

0 

l 

i 

t 

f 

J 

1 

9  1  T  O 

F\l 

ELAPSED 

TIME  - 

SECONDS 

r’—fr 

'  |  “  ““ 

~~~"r 

r**^" 

t  4 

:T" 

L 

M  i 

fci: 

FIGURE  / sr 

I 

REACTION  TO  f 

l_i  ;  JiJ  -L 

RIGHT 

LRTERR 

L  STEP 

I 

L-._l _ L.  -4 

SHF  ST-149S3 

AVG  FHT  ROTOR  SPEED 

<QEG  C)  (RPM) 


FLIGHT  RYG  G 
CQNQ  <LBS) 
LF  1 13KCHS  41000 


EXTERNAL  TANK#  PUU 


ELAPSED  TIME 


GHT  LRTERAL  StEP 


REACTION  TO  A 


IGURE  /JS 


-20 

1 

ri  i 

,  «» 

1 

1 

_ 

r— 

j 

i 

.L 

» 

jfi 

“-4 

| 

- 

— 

4 

WL 

■-< 

_ 

'•  j 

L  1 

‘  u 

-.4 

rTTrn 

\ 

4 

; 

SECONDS 

I?-14J93 

RT  ROTOR  SPEED 
C)  (RPM) 


FLIGHT 

COND 

ll3KqfiS 


tlGURE/JT.  REACTION  jO  fl 


T* 

H 

Pl- 

n 

m 

.  J 

Q_ 

Pj- 

T 

»  • 

rrr*' 

*  1 

Kf  - • 

-- 

— 

m 

- 

-- 

m 

— 

— 

• 

_  i 

— 

— — •  ■ 

j 

. 

T. 

: 

•  A 

~i 

- 

r 

__J 

!  ■ 

IVG  C 

G 

( IN) 

32| 

I  ,  1 

e* 

-A  |- 

1 

,.i 

| 

j 

. ! 

...  i 

i 

1_ 

TT 

I 

;  1 

1 

L, 

-4. 

—  +- 

1 

T'- 

i 

i 

. . 

-  — 

.... 

I 

L...  . 

■  i 

i 

L 

r 

■  ■ 

t  • 

'T 

rA 

}'  . 

FLIGHT  HVG  GW  AVG  CG 
COND  (LBS)  (IN) 

LF  113KCAS  >11000  328 


HH-53C  USAF  87-11993 
AVG  HIT  AVG  FAT  ROTOR  SPEED 
(FT)  (DEG  C)  (RPM) 

7000  -18  0  185 


a 

a 


•40 

If3 

ill 

0 

-20 


UJ 

w 

4P 

l-l 

( 

«r 

UJ 

20 

n 

3 

UJ 

*- 

F- 

►- 

0 

UJ 

a 

I 

40 

RI 

a. 

J 

-20 

N 

20 

J 

§ 

HO 

N 

H 

8 

EXTERNAL  tanks  full 


5 

►- 


a. 


■40 

LH 

28 

8 

-20 

HO 


S  “5 

3  ™ 
B  201 

I 

UJ 
j- 

a: 

*  -S0| 

d 

a 

a:  ' 


$  1,8 

3 

a  *• 

i 

*i 

u 

40 

d  0 

u 

a 

s 

13 

RT 

y  -20 

H 

20 

r 

, 

P  HO 
a! 

d 

u 

0 

8 

3 

-20 

3 

8 

HO 

id  2  0 
u 


t  1 5 

sj  « 0 

8 


0  5 
0  O’ 


-2W 


u 

ui 

UJ 


c 

*  -20 


H8 


1  I? 

K  m| 

i 

j 

UJ 

u  . 

6  -*«j 

i  hjj 


0  l  2  3  4  5  S 

ELAPSED  TIME  -  SECONDS 


RFCS 

COND 

ON 


r  i 


FIGURE  MO.  REACTION  TO  A  RIGHT  DIRECTIONAL  STEP 

154 


PITCH  ACCEL.  -  DEB/SEC*  PITCH  WTO  -  DEB/SEC  PITCH  BTTIIUOE 


c 


HH-53C  USRF  6?  •  1  •* 9 9 3 

FLIGHT  RVG  GW  HV  rG  RVG  HLT  RVG  FflT  ROTOR  SPEED  RFCS 
COND  (LBS)  (IN)  (FT)  (OEG  C>  (RPR)  COND 


LF  113KCRS  >*  1000  3 2 «  7000  -18  0  185  OFF 


p-tr-r  — r  r  I  I  •  j 

FIGURE  /V/  RERCTION  TO  fl  LEFT  DIRECTIONAL  STEP 

155 


HH--5  3C  USRF  6?  149  9  3 


FLIGHT 

RVG  Gn 

RVG  CG 

RVG  RLT 

RVG  FRT 

ROTOR  SPEED 

RCCS 

CQNO 

(i_BS> 

(IN) 

(FT) 

(DEG  C) 

(RPM) 

COND 

L 

F  113KCRS 

4  1000 

328 

7000 

-18  0 

185 

OFF 

HH-53C  USAF  S/N  67*14993 


Flight 

Avg  CM 

eg 

Avg  Press.  Alt 

Avg  FAT 

Rotor  Speed 

Trim  A/S 

Sym 

0 

Condition 

Level 

(lb) 

41,000 

(in.) 

328 

(ft) 

7,000 

CC) 

•18 

AFCS 

ON 

«V- 

Flight 

OFF 

113 

□ 

Level 

41,000 

328 

7,000 

*18 

185  ' 

Flight 


3  2  1  "  0  10  2  3 


Aft  FMd 

Longitudinal  Control  Displacenent  from  Trim  (in.) 


Figure /*/$■  Longitudinal  Controllability 


197 


HH-S3C  USAF 


Flight 

Avg  ON 

eg 

Avg  Press. 

Sym 

Condition 

(lb) 

(in.) 

(ft) 

0 

Level 

Flight 

41,000 

328 

7,000 

□ 

Level 

Flight 

41,000 

328 

7,000 

S/N  67-14993 


Avg  FAT 

Rotor  Speed 

Trin  A/S 

CC) 

(rp«0 

AFCS 

(kt) 

-18 

IBS 

ON 

113 

-18 

185 

OFF 

1)3 

Lateral  Control  Displaceaent 


0 

- - 

* 

IS! 


Figure  /W,  Lateral  Controllability 


HH-53C  USAF  S/N  67-14993 


Flight  Avg  CW  eg  Avg  Press.  Alt  Avg  FAT 

Sym  Condition  (lb)  (in.)  (ft)  (<>c) 

Rotor  Speed  Trie  A/S 

(rpe)  AFCS  (kt) 

r  Level  41,000  328  7,000  .18 

u  Flight 

n  Level  41,000  328  7,000  .18 

Flight 

185 

185 

0 

ON  113 

OFF  113 

ar 

on 

) 

Right 

Directional  Control  Displaceaent  from  Trla  (in.) 


1j 

lift 


Figure  /VS7  Directional  Controllability 


USflF 

five  FAT  80,7 
(DECO 


FLIGHT 


RVG  GU 
(LB$> 
31000 


<RpM> 


FLIGHT 

CQND 

HOVER  IGE 

1  «| 

up 

(  w 

u,  »• 


RVG  GU 

■O.B5) 

31000 


a 


-40* 


40] 

»! 

20 

0 

-40 

-40 


$  '3 


UP 

20 


40 

HT 

20t 

0 

-40 

-4. 


' 

& 


AVG  CG 

C  LN> 

32ft 

HH; 

flVi 

q 

53C 

G  AlT 
FT) 

2  AQ 

usRr  i 
AVG  FI 
COEG  i 
2  5 

17 

3T 

:> 

i 

4  993 

ROTOR  SPEEI 
CRAM) 

its 

j 

i 

ores 

COND 
HARO  u, 

it 

1  i 

- 

f  * 

— 

1 

i—  .j 

■ 

1  -i 

r^l 

1.  i  1 

1  i  *  | 

t  ..  J 

J 

J 

L.  -j 

-  1 

; 

1 

J 

1 

1  J  ..j 

F  ■  J 

□q 

.  j 

L  p 

1 

H 

i 

t.  • 

L 

'  !'-!,] 

F 

i 

I 

i  I 

1 

*  1  1 

... 1 

_ a—- 

r 

**■  r-m 

s/-“ 

f 

1 

h  7;. 

•  •  t 

W’ri; 

— rfrrH 

1 

“  t: 

IP 

*  .{ 

44 

• 

p 

-S  1 

i _ _ 

,  4 

4- 

J 

r-;  rl 

•  -.4 

[Ih 

ht- 

— 

,:3 

• j  j 

p — 

rJ~' 

j—!— 

• 

Ti» 

— 

■■■  •  . 

ifn 

S3 

iE 

'  j 

~4 

■l&i 


\--r 


-H4 — 


-i-i-  •  I 


ELAPSES  TIME  -  SECONDS-; 


r 


U- 


FIGURE  /V/  REACTION  TO  AN  AFT  LONGITUDINAL  HARD-OVER 


J_L:i 


-U 


FLIGHT 


ROTOR  SPEED 


RFCS 

COND 

HARD-OVER 


(LBS) 


(RPM) 


HOVER  IGE 


’SEO  TIME  -  SECONOS 


REACTION  tO  A  LEFT  QIRECTIONAl  HARD-OVER 


Figure  /«o 


14933 


FLIGHT 


AVG  ALT 


ROTOR  SPE.LD  AFCS 


(RPfl) 


HOVER  1QE 


lias§iis 


i-=3i  mm  im  s 


REACT r 


p|im  jMnEj  -.  crasfr.  4_  fixn  jjtiitude 


143  S3 


FLtURT; 


RQTOfi  SP^EQ 


flfCS 


CRPM) 


HflRO  -OVER 


ELAPSED  TIME 


SC COSOS 


REACTION  TO.  AN  AFT  tON^ITUpINAL  HARD-OVER 


FIGURE  .>5% 


HH-63C 


RO.TOR  SPI 


:*T  Kt^S  ?  la 


Hfl^a-ove^ 


HH  31  USHf-  $7  1,4333 

F'UGHt  HVCj  GU  RVG  tG  ftVl,  Hi  T  HVp  t-flT  ROTOR  SPEED  DECS 
CDNQ..  (.LBS)  '(IN)  M' ;  (UKi  O  ( RPM  >  CONG 

+.  C(.  8?  KC«$  ?LQpO  321  ‘-‘.Uii,  .  U  %  18%  HARQ  U</LK 


FLlSHl 

ftVG  GW 

flVU  CG 

HH-53C 
flVCi  ALT 

USAF  S7  - 1 
flVG  FAT 

1883 

ROT  OR 

SPEED 

DECS 

CQND 

(I.BS ) 

(IN) 

((-T) 

(DKG  C) 

(RPM> 

fONO 

:l  sr  kchs 

3  1QOO 

328 

bbOO 

0  5 

18! 

l  44.. 

HARD  OVER 

HH-53C  USflf 

.  .  .  F1J.GHI  flVG  GW  flVG  £G  flVG  fluT  AVG  FflT  «0TOR  SP£,EO  flFCS 

.  j  CONG  (LBS)  (IN)  (FT)  (DEG  C>  CRPM)  CONO 

„  :  j  CL  IT  KCHS  31000  3?|  S&00  0  5  185  OVER 


FLIGHT 


(LBS) 


ftUTQ  ?ZKCflS  2 U)QQ 


RARP~0\iER 


Forward  long.ituoinAl  Hi 


FIGURE  1st.  REACTION  TO 


FLLGH1 

RV 

G  Gk 

.f 

IV  G  C 

G 

HH-S3C  USRf 
RVB  RtT  RVG 

i?- L4S33 

t-RI  HDTriH  5PFS-D 

RfCS 

,  C 

QND 

CL 

BS> 

UN) 

CFO  CDEG 

C>  CHPM  > 

' 

C.flND 

flUTC 

I72KCR' 

J 

1000 

3 

21 

bbOO  f Q 

5  18$ 

HRfiC  .OVER 

'  3 

s 

q 

r-f-S  * 

* ; 

Si  -OB 

i  * 

B 

a 

:  *• 

H  ^ 

H 

i 

RT 

H7r  pt  :* 

3 

•  ■ 

a  ** 

«  *^0 

■4 

s 

y 

s  * 

i 

*• 

r  i 

tfj 

a 

e 

--- 

1*  * 

w  40 

£ 

X 

a  w 

0 

a 

ft. 

u4  0 

51 

. 

£  j« 

j 

J 

3 

1  • 

i  -49 

it 

r  *1 — ' :  t  '  i 

M 

r .  t| 

£ 

8  4! 

1 

1  f*  “  '“t~  ' 

3  ^ 

E 

I  ‘  •  !  ! 

a 

r 

A  ^ 

j  i  **!  i  i  F  :  ^ 

r  d  9  1 

JE 

V\ 

— 1 

3 

. . . '  J— J 

c  ^ 

s  _ 

it 

■i  ... 

^  y\A 

1  i  !  ;  , 

iP-l'S* 

R 

’tyi 

rtI 

-*“n/ 

m  1 

B  • . . 

pri“4  T*j — 
Fpr-'i  FMM 

2  -90 

j  -*0 

Itt.;.' 

i 

i  ftn 
KWW 

ft 

f 

: 

\ 

i  - 

90 

4 

90 

40 

.  - - 

‘di-.. 

i  j_ 

i 

i 

...  !, 

h~ 

i 

t 

v  • 

"Vrt* 

•T" 

M 

■H— 

M 

r?'  iv  pyr 

f  '  utffi  :i  r  : 

j  ;  -  :  >  _ 

***  *  *  ••  •  '  |  -- 
4  i-Flil  M.  . 

"r' 

;r 

■~4“  - 

..... 

•4i 

-'—4 

— M 

'  :  j 

.  ] 

1 

prii 

tf-  00 

\  so 

t  90 

3  i0 

••-r- 

u.:H 

“ 

i '  1 

■fr: 

pi 

fa 

fid, 

Mi 

i.  _t 

i 

-:d 

: 

m: 

Li 

[-fry: 

i  :  4  — 

i- 

f- 

V 

!. 

! 

i 

-t 

*  • 

• T  •  1 
p: 

;lTlT.t;p 

r.  '  j  i  p  »  j -  |  ' 

-j-  ■  ?  •  1  -■= 

‘  \~4  —  -] — : — 

'  f 

... 

*  p:.r 

M  - 

— 

j 

—  j 

—  r~*3 

-  -Mri 

i 

t+i 

1 

u.— 1 

*« 

l 

{ 

F 

f 

•4 

K] 

9 

-J 

p 

1 

■4 

,i 

i 

v 

j:r  .• 

— i-Mj  -—-I-  - - - M 

p  !.'  .  j  .  •  Mil 

pEdpLj 

h-prf  -j  ~t*"T** 

P“ 

t"*T 

—  i — 

_ ; _ j 

-  4 

if-  ~ 

u~; 

•  -  -t 

i-.r-f- 

1 

4-J 

i* 

11 

6 

i 

i 

r 

i 

7 

0 

-9 

-4 

-4~ 

_ t. 

i'jll 

: 

— r- 

1 

_ 

■ 

L 

— j 

_ J  "  P  j, 

-rl  j4  J 

•  .  !  .  , 
..Hfe:ppirl 

T  ’  T'  :  . 

r-y 

_""i 

rt.-  j 

PFl 

;  i 

■I 

- - J 

•4—4 

i 

rf  L 
:  | 

M: 
i  . 

r__f 

1 

rfj  l 

0 

;1 

H'  f 

-PMLp 

»  3 

ELAPSED  II 

.  .  1  :  •  1  i  ..!. 

1+4  — ••4"’- 

>■  ■-  !■■■■■  - j - 

4^  B  , 

ME  -^ECOtei 

T  |  .  ..;.  !...  j 

_  I 

i 

"  V 

• 

lllfe 

f  t 

E.IGU 

RE 

** 

REF 

CTI 

„  J - 

ON  f 

Q  fi 

N  RFT  LONQE.TUDIf 

r  1  j  -j 

4RL  HfiRO-OVER 

J _ L_! _ 1 

ll 

lii] 

111 

HW-53C 


ROTOR  SPEED 


<RPH> 


TQ  T2KCAS. 


3  1Q0Q 


HftftO  OVER 


l*I6URE/**  REACTION  TO  fj  RIGHT  LfltERHL  HARD 


-1 

*•’  1 

r: 

FL  tl>HT  HVCi  GW  RVG  CG 


LONQ 


<LB$>. 


•(  [N> 


HH,~53C  IJSRF  $ r  l.  * 9 a 3 
flVG  HIT  flVG  FflT  SOTQfl  SPgCO  ftFCS 


(Fr> 


(DEG  C) 


(RPM> 


CONO 


—  *  T 

r  ? 

1  1 

>  *<  '*'V  w* 

!  ’  , 

si 

a  a. 

...  j  |  -j- 

*  ’1 

t’ 

40 

-TO* 


®i  8  ^ 

RT 

to 


£  9* 

«  -aoi 


IP 

m 


It 


i.  „ 

to 

is 

1 

4tv 

J 

jjj 

J 

i 

f?n 

to 

fH 

H?0 

■MO- 


8 


a 

*ol 


%  ;; 

'r^rr-rr 

iiE 


•*0) 

RT 

to 

0 

-40 

-40* 

TOO 

90 


r 


Jl-t 

L.lJ 


■TO 

to 

0 


4  +- 

4  -  4:.  i-.-vi  - 

"T-l : 


40t 

RT 

40| 


M0‘  £j 


*40) 

a! 

*  -MO 


SI 

RT 
*0 


s  ^ 

*  -401 


-MV 


t  ■  I  H~ 

f-trr 
4  r  4  1  • 

■  *■■  ~|  V  ■  ■  !  ■ 


T~p 


"fs*‘!  :~r 


IE 


H- 


t  •  fef} 


iTOl+f 


ft 

•H- 


RT 

*0 

9 

-49 

-49 


S  'll 
,  *T 

» 


114 


FIGURE  KQ  REACTION  fo  fl  LEFT  DIRECTIONAL  HfiRO-bVEft 


-i 


%m0‘ 

' 

\ 

|  4 

L-  .  1:4 

-■  - 

■A 

t  -  j 

.  i 

.  !• 

!  1. 

.  i.i' 

L-i  v 

J 

r  1 

r . 

r; 

- 

-4 


2  3  H  5  |  !  7 

i-T.  ELflPSEa  n*  -  seconos  .  F  -  j  .  | .. 

4  -  r-4-  ---~i— t-ir-* - 1 - — •  • 


- 

r-1 


BVS  BJ4.;.  RV& 


flVE  ,flU 


ROTQR 


CflND  ilb$> 
H}i.TD+T?KC«s.  atqtoai 

i nr-:  i  •  •  *'  I  : 


55&Q 


FLIGHT 


BO^QH 


(LBS) 


(RFM ) 


UQKCRS 


bbUU 


Et  tbH  t 


CLEft) 


LiBKilfts 


ELdPSECj  TtrtF 


stcoNas 


to  H  i  EjFt  ImH«  '  MHRO 


IGURC  4i/  REflctinN 

i  J  r 


MH 

-hi 

: 

imni- 

C  T  4  *1 

a 

MU  Hi 

RVti  tHr  HGTltt 

.SPEED 

/ires 

( 

h  E ) 

r  • 

CUMl 

:> 

chphj:  ‘ 

cb*j 

h 

iua 

Q 

b 

ifi 

*  f 

j 

. :  ! . 

— 

J 

-  l  .. 

1  I 

i  1  r 

1  I 

.  a  ,  ^ 

i 

„ . i.„_.  . 

t: 

i,  i|||H 

■ ...  -f,  ~ 

•*  r*  ■ 

L: 

.. 

1 

:  * 

•  r 

n  -*r 
a. 

9 

a 

N 

— 

y"1* 

|j  I  ,1:11 . :!... 

-rn 

S 

na 

.  3 

I  ' 

:..  i . . 

«  a 

s 

. 

JE 

uJ 

5}  ■"> 

§ 

/t> 

P';r- 

l.J„ 

.u 

• 

U 

— 

■jl  jt' , 

s 

i 

•*« 

-*e 

. 

---J 

|— !- 

l. 

7*4“ 

:••  -i  •  •  •  ••  •  [-• 

“ — j~ * "  j"";" 

... 

n 

.  j-| 

- - a 

•a 

3 

m/S 

V^\ 

— 

HWI 

^ai± 

' 

n: 

•J 

W»+-53(. 


HS83 


RVG  HU  HVG  E 


:  paiaR.GPffto 

><□011 


cund; 


UQKCHS 


HflftO  OVttt 


REACTION  TO  A  RIGHT  LftTERAL 


IGURE  /^r 


iRQ-fOVER 


[-  I  !.  I 

FLIGHT  fWG  GW 
CQNQ  (IB?) 

LF  UDKqflS  3L000 

q 

*  '3 

eo> 


HVfi  Ct> 
t[N> 
32$ 


HM.-i.3t 
flVG  fit.  I 
'j-r> 
bbOQ 


USHF  $T  -  t'ISSS 

HVG  .FBI  ROTOR  bPEEO  RFCS 


COEG  C> 
o  5 


CRPli) 
18$ 


CONO 
HGRQ  OVER 


P 


g  1  h 


■?  -» 


SI 

I  * 


«T 
80 

a  o 

i 

S  -aol 

gi  -HfJ 


id 

a 


5  , 

G  -ts* 


T 


■(9, 

«f 

ioi 

8 

-80 

-80* 


9  ^ 
"88 


i 

£ 


^  -M 

1-M 

f  * 

p*-rr,rrrtrHr 

H:PH 
irn 


j 

« 

*1 

> 

'  *4 

H 

9 

n 

H 

rj 

2 

If 

J 

i 

>40 

RV 

89 
-  0 
-90 
-MO 


MB' 

RI 

88 

0 

-88 

—49 


tl  'A 


H 

C-Hi. 


fc- 


i _ i: 

fj  -<■ 

L.'i  • 

plLi 


7 

a 


Wmff C?  -  ;4 


I.  !:1 


... 

1/ 

or 

2 

Kt 

.  1 

A 

r 

c 

V 

t 

4 

3 

> 

-401 

..  •■:  ■  i 

V. 

;:;i 

. 

"34 

11 

A  -J 

: 

r 

M 

‘ 

s 


8 

0 

i 

-8 


h:r? 

pM 

a 

o  t 

2 

1 

ft 

g 

7 

• 

f::f| 

1 

Ei  ftpqm 

rim 

i 

SLLQNUS 

.1.  i.L 

• 

j  .  !  i 

. 

F  I RIIRP  /£X  RFRCrinN  to  F<  LEFT  DIRECTIONAL 

HARQ-OVEf 

(  | 

*  1 

180 

j  f  .  :  '  .  1  J  ]_J 

:  j  —  1 

fiOTQR 


CRIt'Mi 


(DEO  (  > 


HRfiO -OVER 


REACTION  TO  fl  R 


DIRECTIONAL  HARD-OVER 


Referred  Shaft  Horsepower  -  SHP/fi/e 


H-53C  USAF  S/N  67-14993 
T64-GE-7  Engines 
Right  Engine  S/N  <661006 


6  based  on  aabient  temperature 
4  based  on  aabient  pressp^p. 
100  percent  Nj  •  ^8,230  rp« 


Notes: 


Producer  Speed 


Percent  Referred  Gas 


Figure  /£*.  Engine  Characteristics 
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Figure  /£?,  Engine  Characteristics 


HI-53C  OTAF  S/M  tt-1^993 

t6b-CB-7  Encln** 
Right  Engln#  3/M  261006 


1.  b*««d  on  unblont  Uaportturo 

2.  100  ptrcont  ij,  -  l6>230  rp« 


92  96  100  10 

Poretnt  ltef*rr«4  Om  Producer  Sp*#d 


Figun/ra 


Figure///.  Engine  Characteristics 
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rsepower  -  SHP/6/6 


Referred  Fuel  F 


HH-53C  USAF  S/N  67-14993 

T64-CE-7  Engines 
Left  Engine  S/N  261005 


Notes:  1. 
2. 
3. 


6  bestott  on  aebient  teeperature. 
d  based  on  aebient  pressure. 

100  percent  Ni  »  18,230  rptn 


gg  92  96  iOO  y- 

Percent  Referred  Gas  Producer  Speed  -  Nj//e 

Figure/**  Engine  Characteristics 
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FLIGHT  LOG 


Flight 

No. 

Date 

Flight 

Time 

ESGW 

91 

Test 

1 

26 

Aug 

69 

1.3 

38,322 

Mid 

Level  Flight  Performance 

2 

27 

Aug 

69 

1.3 

38,422 

Mid 

Level  Flight  Performance 

3 

28 

Aug 

69 

1.0 

29,948 

Mid 

Level  Flight  Performance 

4 

29 

Aug 

69 

1.0 

38  ,522 

Mid 

Level  Flight  Performance 

5 

10 

Sep 

69 

1.2 

30,718 

Mid 

Level  Flight  Performance 

6 

10 

Sep 

69 

1.5 

30,664 

Mid 

Level  Flight  Performance 

7 

11 

Sep 

69 

1.9 

30,739 

Mid 

Airspeed  Calibration 

8 

11 

Sep 

69 

1.2 

30,589 

Mid 

Level  Flight  Performance 

9 

11 

Sep 

69 

1.0 

35,364 

Mid 

Level  Flight  Performance 

10 

12 

Sep 

69 

0.8 

30,618 

Mid 

Level  Flight  Performance 

11 

12 

Sep 

69 

1.0 

36  ,008 

Mid 

Level  Flight  Performance 

12 

16 

Sep 

69 

0.3 

30,618 

Mid 

Tethered  Hovering 

13 

19 

Sep 

69 

1.3 

33,168 

Mid 

Level  Flight  Performance 

14 

20 

Sep 

69 

2.1 

36,400 

Mid 

Sawtooth  Climbs  &  Auto- 
rotational  Descents 

15 

22 

Sep 

69 

0.7 

32,038 

Aft 

Static  Longitudinal  Speed 
Stability 

16 

23 

Sep 

69 

1.2 

32,038 

Aft 

Static  Longitudinal  Speed 
Stability 

17 

23 

Sep 

69 

1.3 

32,038 

Aft 

Sawtooth  Climbs  &  Autorota- 
tional  Descents 

18 

23 

Sep 

69 

1.3 

32,128 

Aft 

Static:  Longitudinal  Speed 
Stability 

19 

24 

Sep 

69 

2.0 

36,400 

Mid 

Sawtooth  Climbs  &  Auto- 
rotational  Descents 

20 

30 

Sep 

69 

1.1 

38.158 

Aft 

Static  Longitudinal  Speed 
Stability 

21 

30 

Sep 

69 

0.8 

38,158 

Aft 

Static  Longitudinal  Speed 
Stability 

22 

30 

Sep 

69 

0.7 

38,158 

Aft 

Static  Longitudinal  Speed 
Stability 

23 

1 

Oct 

69 

0.2 

30,732 

Mid 

Tethered  Hovering 

24 

1 

Oct 

69 

1.8 

36,400 

Mid 

Sawtooth  Climbs  &  Auto- 
rotational  Descents 

25 

4 

Oct 

69 

1.5 

36,000 

Mid 

Sawtooth  Climbs  &  Auto- 
rotational  Descents 

26 

4 

Oct 

69 

0.9 

42,000 

Aft 

Static  Longitudinal  Speed 
Stability 

27 

6 

Oct 

69 

1.4 

32,000 

Fwd 

Static  Longitudinal  Speed 
Stability 

1SI 


Flight  Flight 


No. 

Date 

Time 

ESGW 

Test 

28 

7 

Oct 

69 

0.2 

30,730 

Mid 

Tethered  Hovering 

29 

9 

Oct 

69 

1.0 

30,730 

Mid 

Tethered  Hovering 

30 

10 

Oct 

69 

1.1 

38,000 

Fwd 

Static  Longitudinal  Speed 
Stability 

31 

13 

Oct 

69 

0.7 

42,000 

Aft 

Static  Longitudinal  Speed 
Stability 

32 

15 

Oct 

69 

1.5 

32,000 

Aft 

Static  Longitudinal  Speed 
Stability 

33 

15 

Oct 

69 

1.2 

38,000 

Aft 

Static  Longitudinal  Speed 
Stability 

34 

15 

Oct 

69 

0.8 

42,000 

Aft 

Static  Longitudinal  Speed 
Stability 

35 

16 

Oct 

69 

1.1 

42,000 

Fwd 

Static  Longitudinal  Speed 
Stability 

36 

16 

Oct 

69 

0.8 

42,000 

Fwd 

Static  Longitudinal  Speed 
Stability 

37 

18 

Oct 

69 

1.0 

42,000 

Aft 

Static  Longitudinal  Speed 
Stability 

38 

20 

Oct 

69 

1.0 

32,323 

Mid 

Tethered  Hovering 

39 

20 

Oct 

69 

1.2 

42,000 

Aft 

Static  Longitudinal  Speed 
Stability 

40 

21 

Oct 

69 

0.9 

32,000 

Aft 

Static  Directional  Stability 

41 

23 

Oct 

69 

0.7 

31,000 

Aft 

Static  Directional  Stability 

42 

24 

Oct 

69 

0.3 

30,187 

Mid 

Tethered  Hovering 

43 

25 

Oct 

69 

1.3 

42,000 

Aft 

Static  Directional  Stability 

44 

28 

Oct 

69 

1.3 

42,000 

Aft 

Static  Directional  Stability 

45 

29 

Oct 

69 

1.0 

42,000 

Aft 

Static  Directional  Stability 

46 

29 

Oct 

69 

0.9 

42,000 

Aft 

Static  Directional  Stability 

47 

30 

oct 

69 

1.0 

38,000 

Aft 

Static  Directional  Stability 

48 

30 

Oct 

69 

1.2 

32,000 

Aft 

Static  Directional  Stability 

49 

31 

Oct 

69 

1.3 

32,000 

Aft 

Static  Directional  Stability 

50 

12 

Nov 

69 

1.2 

32,000 

Aft 

Dynamic  Stability  and 
Controllability 

51 

12 

Nov 

69 

1.2 

32,000 

Fwd 

Dynamic  Stability  and 
Controllability,  Hover 

52 

13 

Nov 

69 

1.3 

32,000 

Aft 

Dynamic  Stability  and 
Controllability 

53 

13 

Nov 

69 

1.3 

32,000 

Aft 

Dynamic  Stability  and 
Controllability 

54 

17 

Nov 

69 

1.2 

32,000 

Aft 

Dynamic  Stability  and 
Controllability 

55 

17 

Nov 

69 

1.3 

32,000 

Aft 

Dynamic  Stability  and 
Controllabi lity 

191 


Flight  Flight 


No . 

Date 

Time 

KSGW 

ciL 

Test 

56 

17 

Nov 

69 

0.7 

32 ,000 

Aft 

Dynamic  Stability  and 
Controllability,  Climb 

57 

20 

Nov 

69 

1.2 

32,000 

Mid 

Dynamic  Stability  and 
Controllability,  Climb 

58 

20 

Nov 

69 

0.9 

32  ,000 

IV  d 

Hard  overs  ,  AFC'S 

59 

21 

Nov 

69 

0.6 

32,000 

Fwd 

llardovers,  AFCS ,  Hover 

60 

22 

Nov 

69 

0.3 

30 ,569 

Mid 

Tethered  Hover 

61 

24 

Nov 

69 

1.1 

30 ,569 

Mid 

Tethered  Hover  and  Free  Hover 

62 

2 

Doc 

69 

1.3 

42  ,000 

Aft 

Dynamic  Stability  and 
Controllability,  Tanks  Full 

63 

4 

Dec 

69 

1.3 

42  ,000 

Aft 

Dynamic  Suability  and 
Controllability,  Tanks  Full 

64 

9 

Doc 

69 

1.1 

42  ,000 

Aft 

Dynamic  Stability  and 
Controllability,  Tanks  Full 

65 

10 

Dec 

69 

0.4 

42  ,000 

Aft 

Dynamic  Stability  and  Con¬ 
trollability,  Hover,  Tanks 
Full 

66 

12 

Dec 

69 

0.8 

42  ,000 

Aft 

Dynamic  Stability  and  Con¬ 
trollability,  Hover,  Tanks 
Full 

67 

12 

Dec 

69 

1.1 

s 

42,000 

Fwd 

Dynamic  Stability  and  Con¬ 
trollability,  Hover,  Tanks 
Full 

68 

16 

Dec 

69 

1.2 

42,000 

Fwd 

Dynamic  Stability  and 
Controllability,  Tanks  Full 

69 

16 

Dec 

69 

1.2 

42,000 

Fwd 

Dynamic  Stability  and 
Controllability,  Tanks  Full 

70 

18 

Dec 

69 

1.3 

42,000 

Fwd 

Dynamic  Stability  and 
Controllability,  Tanks  Full 

71 

18 

Dec 

69 

0.9 

42,000 

Aft 

Dynamic  Stability  and  Con¬ 
trollability,  Tanks  Full, 
Climb 

72 

6 

Jan 

70 

0.9 

36  ,500 

Mid 

Level  Flight  Performance 

73 

6 

Jan 

70 

1.0 

36,500 

Mid 

Level  Flight  Performance, 

Gear  Down 

74 

13 

Jan 

70 

1.2 

39,500 

Mid 

Level  Flight  Performance 

75 

15 

Jan 

70 

1.1 

38,200 

Mid 

Level  Flight  Performance 

76 

20 

Jan 

70 

0.9 

42,000 

Fwd 

Sideward  and  Rearward 

77 

20 

Jan 

70 

0.9 

42,000 

Aft 

Dynamic  Stability  and 
Controllability,  Hover 

78 

23 

Jan 

70 

0 . 9 

30,925 

Mid 

Level  Flight  Performance 

79 

27 

Jan 

70 

1.3 

36,000 

Mid 

Level  Flight  Performance 

80 

6 

Feb 

70 

0 . 5 

42,000 

Aft 

Dynamic  Stability  and 
Controllability 

192 


Flight 

No. 

Date 

Flight 

Time 

ESGW 

eg 

Test 

81 

9 

Feb 

70 

0.7 

42 ,0  00 

Fwd 

Sideward  (Repeat  Flight  7 

82 

12 

Feb 

70 

1.1 

37,700 

Mid 

Level 

Flight 

Performance 

83 

12 

Feb 

70 

1.5 

30,100 

Mid 

Level  Flight 
OGE  Hover 

Performance , 

84 

16 

Feb 

70 

1.0 

36,000 

Mid 

Level 

Flight 

Performance 

85 

16 

Feb 

70 

1.0 

36,000 

Mid 

Level 

Flight 

Performance 

86 

17 

Feb 

70 

1.2 

30,200 

Mid 

Level 

EAPS 

Flight  Performance, 
Installed 

87 

18 

Feb 

70 

0.7 

30,200 

Mid 

Level 

EAPS 

Flight  Performance, 
Installed 

88 

27 

Feb 

70 

0.5 

30,500 

Mid 

Hover 

Performance,  OGE 

Fwd 

eg  = 

328 

in. 

Mid 

eg  = 

340 

in. 

Aft 

eg  = 

352 

in. 

c 
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